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The   revised Common and FORTRAN listings for the OIL 
code described herein are as they existed on July 1, 1965. 
The OIL code has been in continuous development for 3 
years and in its presented form has been applied success- 
fully by General Atomic to the kind of problems discussed 
later in this report.    However,  the  development and 
improvement of the code are being continued,   so that 
duplication of results (or even close agreement) between 
problems run with the code as published and the code as 
it existed either before or  after this time is not neces- 
sarily to be expected. 

General Atornic has exercised due care in preparation, 
but does not warrant the merchantability, accuracy, and 
completeness of the code or of its description contained 
herein.    The complexity of this kind of program precludes 
any guarantee to that effect.    Therefore,  any user must 
make his own determination of the suitability of the code 
for any specific use,  and of the validity of the information 
produced by use of the code. 



ABSTRACT 

The three principal areas of activity, 

1. Numerical solutions of problems in impact, 

2. Code development for solving impact problems,  and 

3. \nalytical work on the theory of the impac* process, 

are reviewed, utilizing wherever possible cited papers which have been 

published during this past year as part of the project work.    The investiga- 

tions covered in these papers are described only briefly in the present status 

report, familiarity with or availability of the original documents being 

assumed. 

The major part of the present discussion is devoted to a status 

report of unfinished work on the problem of computing strength-dependent 

and viscous impact flows.    A computer program is described for 

generalizing Eulerian hydrodynamic codes to include these effects and 

sample calculations are given. 

m 
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I.    SUMMARY OF WORK AND INTRODUCTION 

TO PRESENT REPORT 

The major areas of work in the present contract period are summarized 

below to give the current status of each area and to cite where appropriate 

project documents that have been written. 

1.1. STUDIES OF IMPACT HYDRODYNAMICS 

Work in this area is the subject of the paper, "On the Theory of 

Hypervelocity Impact," by J. M.  Walsh and W.  E. Johnson,  which appears 

in the Proceedings of the Seventh Hypervelocity Impact Symposium, 

Volume II, pages 1—76,  February 1965.    This paper is partially an 

exposition of the thick-target hydrodynamics studies given in our preceding 

annual report; it also contains a Part II which is devoted to a selection of 

impacts with thin-plate targets.    The cited report is widely circulated, 

and many of the results will also be the subject of discussion in a joint 

report under preparation by General Atomic and the Ballistic Research 

Laboratories (see Section 1.5).    Accordingly, it. does not seem desirable 

to detail the work on impact hydrodynamics as part of the present report. 

1.2. CODE DEVELOPMENT WORK IN HYDRODYNAMICS 

This effort has consisted primarily of the development of improved 

computer programs for the solution of hydrodynamic flows which are 

functions of two space variables and time. The principal result is the 

continuous Eulerian code, OIL, developed over the preceding and present 

contract periods and documented in the report, "OIL- A Continuous Two- 

dimensional Eulerian Hydrodynamic Code," by W. E. Johnson, published 

as General Atomic Informal Report GAMD-5580 (Rev.), January 1965. 
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Additional improvements that have been made in the OIL code subsequent 

to the time the above report was issued are contained in the present report 

as part of Section III.    The more significant changes are an improved 

treatment of free surfaces#and a capability for solving time-de pendent x-y 

flows in addition to time-dependent axisymmetric flows. 

1.3. CODE DEVELOPMENT WORK IN VISCOUS AND STRENGTH- 
DEPENDENT FLOWS 

For most of the past year, the principal objective of the effort has 

been the development of a suitable code for the solution of two-dimensional 

viscous flows and two-dimensional flows in which strength-dependent 

deformation is important.    Since Eulerian hydrod/namics codes have been 

more successful t .an Lagrangian codes in handling the large material 

distortions characteristic of impact, it was decided to retain the Eulerian 

code, OIL, and to generalize it to treat the tensor forces that arise from 

viscosity and strength. 

In adding viscous and strength options to the OIL code, the approach 

used has been to leave the hydrodynamic capabilities of the code essentially 

unmodified and to add a separate phase in which viscous and strength forces 

are then taken into account to alter the velocities and specific internal 

energies.    In other words, the average hydrostatic stress and compressions 

are accounted for in the hydrodynamics as usual; the task of the new phase 

(called PH3) is to take account of the stress deviator tensor which arises 

from the strain deviator tensor.    For simplicity and to circumvent any 

need for storing components of the stress or strain deviators,  the consti- 

tutive equations have so far been picked to be of special types.    Specifically, 

the strength is represented by a rigid-plastic set of constitutive equations 

and the viscosity has so far been taken to be Newtonian.    Generalization 

of these classical models will presumably be straightforward,  although 

the retention of an elastic phase will require storing components of the 

stress tensor 



The viscous and strength generalizations of the OIL code are given 

in considerable detail in the present report.    The basic equations are the 

subject of discussion as Section II and the code is described in Section III 

and is reproduced as Section IV.    The viscous and strength program,  PH3, 

is of such a nature that it could be added to most multidimensional PIC- 

type or Eulerian hydrodynamic codes without disturbing the hydrodynamics 

capability, as was the case with OIL.    It is then possible to add these 

effects in a hydrodynamics problem or to omit them by merely by-passing 

PH3 each time step.   One rewarding feature of including viscosity, how- 

ever, has been a significantly improved and smoother hydrodynamics. 

It seems probable that some viscosity will prove desirable in most purely 

hydrodynamic problems in order to smooth spurious oscillations.    Examples 

of computations with and without viscosity are reproduced in Section III. 

While the viscous option is apparently giving a smooth solution in a 

very satisfactory manner, there is a remaining difficulty in the form of 

small oscillations in the strength version of the code.    These oscillations 

(which prevent the flow from being completely arrested) can be ignored, 

although additional code development work to remove them will proba ly 

be carried out prior to any extensive production applications. 

It is expected that the completed code will provide a general 

capability for solving strength and viscous deformation problems and that 

its most important application may be to those flows where material 

distortions are sufficiently great that Lagrangian schemes become unman- 

ageable.    Our primary attention will be to cratering problems,  such as 

those occurring in impact, and some work of this type is presented in 

Section III. 

The computing time for the strength or viscous options in OIL is 

roughly equal to that for the purely hydrodynamic part of the calculation. 

Finally,  FORTRAN listings for the hydrodynamic sections of OIL are also 

reproduced in Section IV, as a convenient way to document minor modifi- 

cations which are described in the text. 



1.4. ANALYTICAL WORK ON IMPACT AND RELATEI PROBLEMS 

Several analytical studies pertinent to various aspects cf impact 

mechanics have been reported during the past contract period. These 

include: 

"Late-stage Equivalence and Similarity Theory for One-dimensional 

Impacts,"by J. K. Dienes.    This paper is a discussion of simple ideal- 

gas impacts and exposes „aost of the physical principles underlying the more 

complex numerical work on axisymmetric solid-solid impact.    Since the 

paper is presented in the Proceedings of the Seventh Hypervelocity Impact 

Symposium,  Volume II,   pages 187—220,  February 1965,  additional discussion 

here does not appear necessary. 

"Approximate Treatment of Plane Shock Attenuation in a Solid," by 

J. M.  Walsh,  General Atomic Informal Report GAMD-5214, May 1964. 

This is an approximate theory of slab impacts of solids and has been 

previously distributed. 

"Hydrodynamic Flow Equations with a Plasticity Resistance Law," 

by J. K. Dienes,  General Atomic Informal Report GAMD-5910,  December 

1964.    This is a summary of the relevant theoretical mechanics underlying 

the viscous and strength formulations and is also largely reproduced as 

Section II of the present report. 

"A General Form for Matrix Functions of Nonsingular Second-degree 

Matrices," by T.  Teichmann,  General Atomic Report GA-6063, March 3965. 

This report does not apply directly to impact mechanics, but it does give 

a theorem in matrix algebra which was proved as an incidental result of 

work by Teichmann on a similarity theory of impact. 

"Impact Crater Size and Target Strength," by F. E. Allison, J. K. 

Dienes,  and J.  M.  Walsh,  General Atomic Informal Report GAMD-6453, 

June 1965.    Suitable simplifying assumptions are used to show that the 

dependencies of crater volume on impact velocity and target yield strength 

are closely related.    For example,  a proportionality of volume to impact 



velocity leads to the result that crater volume varies inversely as the first 

power of the yield strength. The report has been distributed and additional 

work is planned. 

"Remarks on Similarity Solutions for Hypervelocity Impact," 

T.  Teichmann,  General Atomic Informal Report GAMD-6501, July 1965. 

This is a general mathematical discussion of the similarity methods which 

have so far been used on the hypervelocity impact problem.    The report 

will be distributed in the near future. 

1.5.    PREPARATION OF A COMPREHENSIVE EXPERIMENTAL- 
THEORETICAL REPORT ON THE DYNAMICS OF IMPACT 

In conjunction with appropriate members of the Ballistic Research 

Laboratories and the Drexel Institute of Technology, it has been decided 

that a joint experimental-theoretical report on impact might provide a 

timely and integrated picture of this general field of activity.    Much of the 

past work by General Atomic will be presented in this report, which is 

planned for completion in the summer of this year.    Accordingly,  the 

emphasis in the present report has been on those subjects which will not 

be extensively reviewed in thi- forthcoming discussion. 



II.    EQUATIONS FOR VISCOUS AND STRENGTH-DEPENDENT FLOWS 

The flow equations for the motion of a fluid with a general resistance 

law can be written,  in tensor notation, * as 

2£ + pe=o, 

Du. 
p~Dr'sij.j' 

P ~ (l + Tu. u,  ) = (S..u.)   . , 
Dt \      2   k k/ ij  x , J 

where the summation convention is understood and S.. denotes a general 

stress tensor,  I is the internal energy per unit mass,   P the density,  and 

u. the velocity vector,  9 = u.   .is the divergence of the velocity,   and 

R.   JL       JL 
Dt " au + ui ax. 

i 

denoted the convective derivative.    It is appropriate to express the stress 

tensor,  S..,  as the sum of a hydrodynamic part,   -p6..,  and a deviator 

pert,  a... 

S.. = -p6.. + a.. 

such that 

o-. . = 0 ,        p =  - —S, . . 
ii 3    ii 

Tlie equations of motion can then be written as 

DP 
57 + pe - 0 ■ 

W     Prager,  Introduction to Mechanics of Continua,  Ginn and 
Company ,   1961. 



Du. 

Dt ,i        ij,j 

P =-• (I + -u. u. ) + pG = (o-. .u.)   . = o-..e.. + o-..   .u. , 

where 

e.. = -(u.   . + u.   .) 

is the strain-rate tensor. 

Now the average stress,   j,  is a known function of th    density,   P, 

and specific internal energy,  I,  through an equation of Ftate, p = f(P,I). 

In order to complete the description of the flow,   ■4- 's necessary that the 

stress deviator tensor be related to th5 strain deviator tensor through a 

constitutive equation,  which in the OIL code is taken to be of the general 

form 

<T.. - be..,        c.. = e..  - 6.. 6/3 . 
ij ij ij        ij        iJ 

Three special cases are of particular interest.    If b is constant,  the con- 

stitutive equation describes purely viscous flows and b is twice the viscosity, 

[i,  of the fluid.    The second case, 

b - (2KZ/E_)1/2, E_ = c. 6.. , 
2 2        ij    ij 

describes a rigid-plastic material of the Prandtl-Reuss type for which the 

second stress invariant,  J., = er., cr..,  can be shown to be constant and equal 

to 2K  , where K is the yield stress ir pure shear.    The third case defines 

equations of the Perzyna type in which strain-rate effects are accounted 

for by allowing b to have the general form b = i{l7),  for which the function 

f has to be estimated in such a way that the solution to the equations  of 
2 

motion agrees with material-test observations.    In the notation of Perzyna, 

2 
P.   Perzyna,   "The Study of the Dynamic Behavior of Rate-sensitive 

Plastic Materials, " Division of Applied Mathematics,  Brown University, 
Technical Report No.   77,  May   1962. 
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b = N/TT/V^F),  where F = {\I3   /K)  - 1.    In order to make use of the Perzyna 

equations in the current Eulerian code,  OIL,  the scalar b must be known 

as a function of the second strain invariant,   E-,  which in turn can be 

obtained from the known velocity field.    This is done by deriving from the 

constitutive equation the relation 

J
2 = b2(J2' E

2 ' 

which must be solved tc find b as a function of E  .    Using tht- Perzyna 

notation,  one finds 

E2 = y2 *2(F) . 

The solution of this equation for J    in terms of E    is written,   symbolically, 

J2 = K%2(E2/y
2) . 

and,  in general,  must be found by numerical methods.    Then, 

which is of the required form since the right-hand side can be obtained in 

terms of the velocity field and appropriate derivatives.    From the point of 

view of the OIL code,  the principal feature of the rigid-plastic model is 

that the constitutive equation does not depend on the total strain but only 

on the rate of strain,  which can be determined by appropriate operations 

on the velocity field.    The general elastic-plastic calculation, which is 

discussed in Ref.   3, would require that the strain itself be known and, 

therefore,  would entail a significant increv se in memory,  in complexity 

of the code,  and in computer time necessary to solve impact problems. 

3 
J.   K.  Dienes,  "Hydrodynamic Flow Equations with a Plasticity 

Resistance Law,"  General Atomic    Informal Report GAMD-5910, 
December 1964. 



In cylindrical coordinates the strain-rate tensor is given by the 

matrix 

'V - 

/8u 
/ 8r 

u 
r 

iv au   av\\ 
2\8z      8r/\ 

\2 \dz     drj 
8v 
9z 

where u denotes the radial velocity (u    in the generalized notation) and v 

denotes the axial velocity (u_ in the generalized notation).    The first strain 

rate invariant,  E  ,  is also the diver'^nce of the velocity,  and is,  in 

cylindrical coordinates, 

„        n 9u      u      8v 
E=e = e..=— + - + —. 1 ii      8r      r      8z 

The second strain-rate invariant is 

E, = (e..  - \- 6 6..) (e..  - ^ 6 6..) = e.. e..  - e2/3 , 
2     \ij     3        ij/ \ ij      3        ij/        ij    ij 

which,  in cylindrical coordinates,  becomes 

^mf>i&*ti]>m<& 
The flow equations can be written in such a way that the local time 

derivatives appear on the left-hand side and the right-hand side is the sum 

of three terms.    The first gives the effect of convection,  the second the 

effect of hydrodynamic forces,  and the third term gives the effect of the 

deviator stresses.    The first two terms are accounted for in the original 
4 

OIL code and are discussed separately.      The additional increments due 

to the deviator stress terms are accounted for in the strength code and 

W.   E.  Johnson, "OIL,  A Continuous Two-Dimensional Eulerian 
Hydrodynamic Code, " General Atomic    Informal Report GAMD-5580, 
October 15,   1964. 
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are the subject of this section.    The full equations for the general case 

are: 

at 
-u.p  . 

i .1 
pe , 

au 
i 

P -r— = -Pu.u.   .  - p  . + o-..   . , 
8t J  i.j      ^,i        xj.J 

P ST I1 + T11! ui ) =  -P,a- I   •  " P© + (<T..U.)   . . 8t   \      2    k k/ j    .j      r ij  ! .J 

Expressions for the co-variant derivatives in general coordinates 

are derived in tensor analysis.    The appropriate expressions for cylin- 

drical coordinates are given by Sokolnikoff.      Denoting by a 6 the increments 

due to stress deviator terms,  the above equations lead to the following 

expressions for the effect of material strength in cylindrical coordinates: 

6u       1 1 8 9 
P      =   — 0" +      (T +    0" -  — 0" i 

6t        r    rr      8r     rr      9z     rz      r     99 

öv        9 9 1 
P TTT ' "Z— O"        + "Z— ^       + — CT        , 9t      9r     rz     9z     zz     r     rz 

*(? + I UkUk)       1 *     8 9 
ot r  9r rr rz        Qz        rz zz 

These expressions can be integrated over the finite volumes associated 

with each cell to obtain expressions appropriate for the effects of deviator 

stresses alone.    As a result of this calculation for the element of volume 

in Fig.   1,  one finds 

6u 
Zjtbt 
Am 

ro- 
rr 

r+Ar 

Az + o- 
rz 

z+Az 

(-f)- a^AzAr , . 

I.  S.   Sokolnikoff,  Mathematical Theory of Elasticity McGraw-Hill 
Book Company,   1946. 
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Fig.   1--The element of volume appropriate  for deriving the 
flow equations in cylindrical coordinates; the contained mass 

is half the cell mass,  Am 

6v = 
2-ir5t 
Am   )     rz 

r+Ar 

Az + o- zz 

z+Az 

( 

Ar\ 
r + —^ Ar 

6(I + rukuk) = 2y6t 
Am 

r(or    u    + o     u ) 
rr  r        rz  z 

r+Ar 

+   (r + -rr)(<T    u    + o-     u ) 
\        E /    rz  r        zz z 

z+Az 

These ai 2 the expressions used in the viscous and strength options of 

OIL. 
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The stresses are evaluated at the cell boundaries in the code.    The 

flux of each component of momentum and of energy across each cell 

boundary is added to one cell and subtracted from the other in such a way 

that the total energy and momentum are conserved in the finite difference 

approximation. 



III.    OIL WITH STRENGTH AND VISCOSITY 

3.1.    INTRODUCTION 

4 
In the hydrodynamic version    of OIL,  the only stress acting is the 

scalar pressure, which is computed from a given function of density and 

specific internal energy.    The incorporation of material strength and 

viscous forces into the code gives rise, however,  to tensor forces which 

must be computed using the constitutive equations and then accounted for 

by using the appropriate momentum and energy equations discussed in 

the preceding section.    These calculations have been programmed into a 

single (optional) phase in the code and are performed each time step. 

This phase of the combined code, called PH3, is currently located after 

PHI (where the field terms in the hydrodynamic equations are computed) 

and prior to PH2 (where material transport is performed).    Provisions 

have been made for by-passing PH3 to perform a purely hydrodynamic 

calculation and also for subcycling PH3 in order to split the time step for 

that phase only. 

The additional coding required for the present options and anticipated 

coding for further modifications necessitated a decrease in the maximum 

allowable number of cells from 3, 500 to 2, 500. 

Most of the present section is devoted to a description of the strength 

and viscosity programs.    Some changes have been made to the basic OIL 

code, however,  and these are also described.    Among these are options 

for changing physical units and for treating flows in x-y space as well as 

the axisymmetric case.    An ü  "      ved treatment of free-surface motion is 

also incorporated. 

13 
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3.2.    DIFFERENCE EQUATIONS FOR PH3 

In the following discussion, we have assumed that Ax(i) for ail i is 

a constant andAy(j) for all j is a constant.    The space is axisymmetric and 

cylindrical coordinates are used,  although Ax and Ay are used to designate 

cell dimensions in the R and z directions,  respectively,  as depicted in 

Fig.  2. 

z 

KAL 

KL 

KBL 

KA 

K 

B 
KB 

KAR 

KR 

KBR 

Ay(j) 

Ax(i) 

Fig. 2 

■♦R 

. To calculate thf stresses at the cell boundaries, we compute the 

velocity gradients at points B,  L,  T,  and R,  as follows:   The velocity 

gradients at points L and B have already been calculated from the previous 

row sweep and from the cell to left,  and it suffices to indicate the 

procedure at R and T.    Referring to the position R, 

du 
dR 

dv 
dR 

du 
dz 

dv 
dz 

^A^n    ^  = S1 (FORTRAN designation), 

v - v 
(^Rj  —^- = S2 (FORTRAN designation), 

U(KA) + U(KAR)      U(KB) + U(KBR) 
2. 

2Ay(j) 

r(KA) I V(KAR)     V(KB) + V(KBR) 
2. " 2. 

2Ay(j) 

= S3 (FORTRAN designation). 

- S4 (FORTRAN designation). 
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and 
U "t"  u 

S" =-^r—TT-^T = S10 {FORTRAN designation). R     x(i) + x(i-l) 5 

With these velocity graa-3nts, we can calculate the stresses at the cell 

boundaries.    The stresses are defined as 

6.. = Kronecker delta. 

- ^X     ^v     u 
eaa ~ dR     dz     R 

For a rigid-plastic material,  the Prandtl-Reuss equations are given 

by 

b = 
2eK 

N ^ab ^ab 

where K is the yield strength and 

^-ab ^ab ' 3 m** mz+{*!]* K^ %f ■ 
Eight of the nine stresses acting on a cell in the axisymmetric case are: 

Top ^     A Top 

Left 

22 

Right 

Right 

Fig.   3 
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Referring to Fig.  3,  we define the hoop stress, which is normal to 

the plane of the paper, as shown here,  and is positive in tension, as follows: 

o-      = bfc      = DDVK (FORTRAN designation), 

where 

fc33 = e33 " 3 eaa   ' 

2U{K) 
'33     x(i) + ic(i-l)   ' 

and 

b= ■,2K2 

Here again,  K is the yield strength and 

A     z\riKR)-^Kl.)\Z {r{KA)-V(KB)^f     Zu(K)        fl 
A"3LV      2Ay(j)        J       \        2Ay(j)       /    Vx(i) + x(i-I)/ J 

+ 1 /U(KA) " U{KB)     V(KR) " V(KLA2 

2^      2Ay(j) 2Ax(i) J     ' 

The five stresses produce forces on cell K in the radial direction 

as follows: 
R R 

The force at ehe right side of the cell is F = ^i i     Ay(j)2Trx(i); 

at the left it is F = "^n     Ay(j)2Trx(i-l); 

T T 2 2 
at the top it is F "^^i     ^Mi)    -x(i-l)  ); 

R R ? 2. 
at the bottom it is F = -cr iT{x(i)    -x(i-l)  ); 

and the hoop stress has a radial contribution given by 

F33 = ■a33 2lTAxWAy<j) • 
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From the equation of motion then,  the sum of these five forces results in 

the change Au of cell K as follows: 

T 
r 0" 

2TrAt , R   v   /.v   ,., L A   /.»   /.   ,»  .     21     .   ...2       ..   ,.2. Au(K)=Äi^X(Kr Vll     AyO)x(i)-(r11     Ay(j)x(i-1)+-^—(xü)   -x(i-l)) 

B 

- -^- (x(i)2 - x(i.l)2) - <r33AxU)Ay(j) 

Only four stresses acting on cell K produce a change Av in the axial 

direction: 

T T 2 2 
The force at the top of the cell is F = +o"?:)     Tr(x(i)    - x(i-l)  ); 

R R 2 2 
at the bottom of the cell it is F = -or.-     iT(x(i)    - x(i-l)  ); 

Ct C» Cd c* 

R R 
at the right it is F =cri2     2TTx(i)Ay(j); 

L L 
at the left it is F --*,->     2irx(i-l)Ay(j)   . 

These four forces then produce a change of Av in cell K: 

Av, 

/fT     T B 
2TrAt ^11       WZl    ^(x(i)2.x(i_1)2H. Ay(j) (^     *(!).<,     ^(i.i)) 

(K)   AMX(K)L\ 2 /l  v' x      '  '     "^J'^i2      VM       12 

The change of total energy E of cell K that is due to the work done 

by these forces is 

4 

dt"~ dt      e^-t 
1 

over all four sides of cell K or,  introducing the specific internal energy I, 

M |r[i4(u2 + v2,]=f>v. 
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Then,    .sing the previous values for the interface forces and velocities,  the 

internal energy I of cell K is 

AI 
At 

(K)     AMX(K) 

U(KR) + U(K)   f,     ,.XA   ,.,        R, 
-i ^ — {2iTx(i)Ay(j)a11    } 

U(K) + U(KL) 
{2™{i-l)AY(}hu    } 

+ - 
ll(K) + U(KA) ,        T ■> 

2. 
{o-21     ir{x(i)' -x(i-l)  )} 

U(K) + U(KB) f       B 2        ..   n2u  {(r21     Tr(x(i)    - x{i-l)  )} 

V(KR) + V{K) f       R 
2. 

{(r12     Ay{,i)x(i)2ir} 

V(K)+J(KL){cri2
LAy(j)x(i-l)21T} 

. V(K) f V(KA) r       T    .   ...2        ..   ..2,. 

V(K) + V(KB) .       3    .   ...2        ..   n2u  — {o- ir(x{i)    - x(i-l)  )} 
2. 22 

2 2 
(Au^    )       (Av(K)) 

U(K) AU(K) + V(K) AV(K) + T + "X- 

All the velocities are those from the PHI hydrodynamics calculation.   The 

T,  R,  B,  and L refer respectively to the top,  right,  bottom,  and left 

boundary of the cell -'n question. 
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3.3.    LOGIC OF PH3 

For either the strength or viscosity options,  the forces are determined 

from velocity gradients,  for which knowledge of velocities in neighboring 

cells to the particular one being treated is required.    Furthermore,  all of 

the velocities used in computing derivatives must correspond to the same 

time.    These requirements necessitate retaining un-updated velocities for 

some cells as well as the updated values.    These dual storage requirements 

are satisfied without additional working storage by equ-valencing with 

working storage used in other parts of OIL; also,  the sweep through the grid 

is done by rows rather than columns as elsewhere in OIL in order to take 

advantage of the fewer number of cells per row (52 maximum instead of 

100 in a column).    Hence, less storage is needed to retain old and new 

velocities for the two rows required. 

The task of PH3, in general terms, is to compute the stresses from 

the old velocities and to use the stresses in the difference equations in 

order to update u, v, and I.    A special check feature is also employed: 

If the sign of the velocity difference between two adjacent cells changes 

during a time step,  then we set the corresponding driving force to zero 

within 'he time step when this occurs (actually accomplished by using the 

average driving force for the entire step).    This is called an overshoot 

correction and serves to avoid cell-to-cell oscillations in the velocity. 

The need t^ save old and new velocities for some cells and the 

provision to prevent overshoot offer some special problems in the 

programming.    In the present version,  the procedure which is used 

involves working on three rows of cells in each sweep.    In the most 

advanced row,  stresses are computed from the old velocities and tentative 

values of Au, Av are computed.  In the second row,  for the cell immediately 

below,  the tentative Au, Av are finalized unless overshoot occurs. Over- 

shoot is checked at the upper and right boundaries and for the hoop stress 

Similarly,  for the hoop stress,  the driving force is set to zero 
within the time step when the sense of the corresponding strain-rate term, 
e     ,  changes. 
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and is prevented by reduction of the appropiiate driving stresses,  as 

described above.    Finally, AI is computed for this second row cell,  using 

the final values of the stresses.    This Al calculation requires old velocities 

from the surrounding cells, necessitating retention of these velocities for 

the third row of cells.    Special procedures are used for those cells lying 

on the grid boundaries. 

Notes explaining various portions of the code are also given in the 

FORTRAN listings of Section IV. 

Timings to date of computations using the strength or viscosity 

options indicate that such problems are a factor of two longer in computer 

time than equivalent hydrodynamics problems without these effects. 

The main logic for the strength or viscosity it, done in subroutine 

PH3.    In addition,  PH3 refers to the following subroutines: 

GRADR Calculates the velocity gradients at the right 

boundary of the cell in question. 

GRADZ Calculates the velocity gradients at the top 

boundary of the cell in question. 

STRESR Calculates the two stresses (normal and shear) at 

the right boundary of the cell in question. 

STRESZ Calculates the two stresses (normal and shear) at 

the top boundary of the cell in question. 

HOOP Calculates the hoop stress for the cell in 

question. 

DELTAU Calculates the radial acceleration of the cell 

in question due to stress forces. 

DELTAV Calculates the axial acceleration of the cell 

in question due to the stress forces. 

ECALC Calculates the change of the specific internal 

energy of the cell in question   due to the work 

done by the stress forces. 
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In addition to the normal input required for OIL,     the strength version 

requires the following additional quantities: 

Location 

21 

25 

49 

Symbol 

AMDM 

FeF 

i3 

66 DXN 

71 RSTOP 

72 SHELL 

107 Z(107) 

5841 DDXN 

5843 DKE 

8517 TABLM 

13583 VT 

13586 VVABOV 

13587 VVBLO 

Description 

Cutoff for strength based on density; if fw. < AMDM pn, 
forces due to strength are not applied on cell K. 

Flag,  if = 0. ,  PH3 (the strength subroutine) will be 
called,  if $ 0, no strength. 

The number of times to subcycle through the strength 
routine (time step At/i3, wherr* At Is the hydro time 
step used in PHI and PH2). 

Cutoff for the stresses. 

The factor to multiply the equation-of-state constants 
by to convert units to cgs system. 

The factor to multiply the coefficient of pressure in 
the speed-of-sound calculation. 

Velocity gradient cutoff. 

K    = yield strength,  in the appropriate units. 

T)    = Newtonian viscosity coefficient,  in the appropriate 
units. 

Factor on dV/dz critical,  shifts the point where the 
full yield strength is applied. 

Minimum p to trigger rezone. 

Epsilon for energy cutoff,  to cut down on the pre- 
cursor. 

Epsilon for velocity cutoff,  to cut down on the pre- 
cursor. 

The code is currently being modified to incorporate all the strength 

constants and flags on the dump tape.    Until this is completed,  the various 

quantities,   such as DDXN, DKE,  TABLM,  VVABOV,  VVBLO,  and VT, 

must be loaded on every restart. 
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3.4.    OTHER GENERALIZATIONS OF OIL 

Two additional modificatiors have been made to improve OIL.    One 

is the capability of treating two-dimensional x-y flows as well as axi- 

symmetric ones.    The other is an improved representation of free surfaces 

that distinguishes between condensed and vaporized materials and provides 

an improved transport scheme for the condensed case.   These two modi- 

fications are described below. 

3.4.1.    Axisymmetric and Plane Flows 

Whether a problem is to be in axisymmetric or plane coordinates 

is designated by a single flag.    If CLAM is used to generate the problem, 

this flag is the fourth word of card number 2 (input cards for CLAM) and 

is 0.  for axisymmetric geometry,  and any number other than 0.  is used 

to designate x-y Cartesian geometry. 

When the CLAM code is used,  the changes required are listed below. 

The referenced card numbers and pages are described in Ref.  4. 

The following statements replace the cards labelled 1790 through 

1810 in the input subroutine (page 77): 

IF (Q000FL) 3000,  3002,  3000 

3000   TAU(i) = Dx(l) 

WS = 1. 

GO TO 1008 

3002   WSB = WSA 

WSA = x(i) * * 2 

TAU{i) = WS* (WSA-WSB) 

1008   CONTINUE 

Replace cards numbered 12 50 through 1260 in the routine PH3 

(pa^e 89) by: 

IF (Q000FL) 6000, 600L 6000 

6000 TAM = WS5 * Dy(j)/FMX 
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GO TO 6002 

6001 TAM = WPIDy * WS5 * Dy(j) 

6002 E = 0.0 

Replace card number 2050 in routine PH3 (page 91) by: 

IF (Q000FL) 6004, 6005, 6004 

6004 AM(n) = TAM * WSR 

GO TO 4341 

6005 AM(N) = TAM * TX * WSR 

After statement 7162 (card number 1380) in routine Output (page 100) 

insert 

GAM = Q00FL 

If the subroutine SETUP is used to generate the problem,  then the 

flag is located in the variable GAM (location 10 for the CARDS routine). 

Referring to Eqs.   (1) through (4) of Ref.  4, Eq.   (1) is changed to 

9p _      9pu     9pv 
at " " ar " az   ; 

the two momenta equations remain unchanged; and for Eq.   (4), 

aE      aPu   aPv 
PTr= - at        ar      az   ' 

3.4.2.    Free Surface Modification 

A modification has been made to the scheme of handling free surfaces 

in the transport routine of OIL,    As reported in Ref.  4,  the OIL write-up, 

a velocity change in the projectile was the criterion for ensuring that the 

bottom of the projectile empty properly as it continues to move upward. 

However,  this scheme was not operative after the reflected shock broke 

through the bottom surface of the projectile. 

The new scheme is,  again,  concerned with the emptying of cells. 

The criterion for applying the scheme is that the energy of the cell be less 
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than the energy required to vaporize the material.    Thus,  if the material 

is a gas, no special modification is required   if the material is a solid, 

the transport is done using the density and velocity of the receptor cell. 

Another feature of the code is the ability to convert to the cgs units. 

Two additional input numbers are required,  RSTOP and SHELL.    Their 

definitions are listed in the revised Common list in Section IV. 

3. 5.    TEST PROBLEMS 

A number of test problems have been computed during the course of 

the present code development,  and in this section some representative 

results are presented.    It is expected that extensive application of the code 

to impact problems,  and the associated discussion of impact mechanics, 

will be the subject of future reports. 

Two one-dimensional impacts have been computed in which wax 
4 

plates strike wax targets at a velocity of 3.5 x 10    cm/sec.    One of these 

impacts was treated using the unmodified OIL hydrodynamics code and the 
5 3 

second was a viscous flow problem with viscosity TJ    = 2 x 10    ergs sec/cm  . 

Cell dimensions in the two problems were 1 cm.   The most interesting results 

of the calculations are the pressure-pulse and velocity-pulse profiles 

seen in Figs.  4 and 5.    The viscous version of the problem is seen to be 

effective in eliminating the oscillations which are characteristic of the 

unmodified version.  Some viscous smearing of the shock front is also 

evident. 

Two axisymmetric wax-on-wax impacts were also computed, with 
5 

an impact velocity of 4 x 10    cm/sec.    One was run with the hydrodynamic 

version of the code, which differs from previous calculations of this 

impact only in the improved treatment of the free surface (Section 3.4.) 

and a somewhat coarser zoning.    The other impact was treated as a 
4 3 

problem in viscous flow with viscosity 1 x 10    ergs sec/cm  .    Initial 

cell size in both problems was 0. 0525 cm.    Successive stages of tliu viscous 
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flow are given in Fig.   6,  and the crater growth in these two problems is 

compared in the mass distribution plots of Figs.   7 and 8.    It is seen that 

the gross features of the mass motion are in very good agreement with the 

experimental crater growth data by Karpov,    especially for the viscous 

flow.    The viscosity problem is also in better agreement with the experi- 

mental shock-prsssure-attenuation data,as can be seen from Fig.   9.   The 

results are merely illustrative of the code, however,   since no attempt has 

been made to formulate a realistic constitutive equation for wax. 

The above axisymmetric impact was also run as a problem in 

strength-dependent deformation using the Prandtl-Reuss constitutive 

equations described in previous sections.    A modification to this repre- 

sentation was included in oxder to reduce the yield strength as the velocity 

gradients became snull and thus to avoid oscillations in the form of 

overcorrections.   The results were very satisfactory at high pressures 

but still exhibited some oscillatory behavior as pressures became 

comparable to the yield strength, which was taken to be 5 kbars in this 

exploratory calculation. 

A spherically symmetric test problem was computed in cylindrical 

coordinates in order to test the strength code against preferential treat- 

ment in the axial and radial directions.    A hot sphere of plastic (density 
3 10 

0.92 g/cm    and specific energy 7x 10      ergs/g,  sufficient to exert a 

pressure of 103 kbars) was allowed to explode in a cold plastic atmosphere 
3 

(density 0. 92 g/cm  ,  zero pressure and energy).    A yield strength of 

5 kbars was assumed,  and this yield strength was again diminished as 

velocity gradients became small.    Figures 10 and 11 bear out the spherical 

character of the solution.  Similar tests of sphericity have previously been 
4 

reported    for the purely hydrodynamic part of the code. 

B.  G.  Karpov,   "Transient Response of Wax Targets to Pellet 
Impact at 4 km/sec, " Ballistic Research Laboratories,  Report No. 
1226, October,   1963. 
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IV.    LIST OF REVISED COMMON AND FORTRAN LISTINGS 

FOR OIL WITH STRENGTH AND VISCOSITY 

In the following list of the revised Common, location refers to the 

location of that symbol relative to the begining of Common.    Since the 

beginning of Common is assigned the same location for each subroutine, a 

program (CARDS) is available for changing any word in Common. 

If changes are made in the length of the dimensional arrays, it will 

be necessary to change the locations in the following Common list. 

The revised FORTRAN listing for OIL follows the revised Common. 

Note that the C s denoting explanatory remarks are at the far left margin. 
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No. of 
Symbol Location Words Units 

XX 151 53 cm 

UR 205 200 None 

PR 405 200 None 

YY 605 101 cm 

AID 706 i None 

AIX TO? 2500 jerks or 
ergs/gram 

AM 3207 130 None 

AMD 3337 1 None 

AMX 3338 2500 grams 

AREA 5838 1 None 

BIG 5839 1 sh" or sec" 

BOUNCE 58U0 1 None 

DDXN 58U1 1 ergs or - 
jerks/cm 

DDVK 58^2 1 ergs or - 

DKE 58^3 

REVTSED COMMON 

Description 

XX(2) = X(l) 

Note the many equivalence statements 

Note the many equivalence statements 

YY(2) = y(i) 

Not used, this is a single material 
code 

Specific internal energy (X) for cell 
(K) 

Mass of particle (N) for SHELL code 

Not used, this is a single material 
code 

Total (X) mass in cell (K) 

Tag, used in FH2 

« dV/dZ critical, computed in PH3 

Tag used in PH2 

= yield strength for the material 

= hoop stress for cell (K) 
jerks/cm""' 

ergs or jerks - \ ~ the coefficient of viscosity 
/CHP sec or sh 

DVK 58ifU 1 sec"^ or sh"' - = DDXN /[P0 DX^] 

DX 58U5 52 cm DX(i) = X(i) - X(i-l) 

DY 5897 100 cm DY(j) = Y(j) - Y(j-l) 

E 5997 1 None Used in hoop routine 

FD 5998 1 None Used in hoop routine 

FS 5999 1 None Flag in PH2 

FX 6000 1 None Not used 

OUT 6001 1 None Tag in particle PH2 

P 6002 2500 jerks or 
ergs/cnß 

Material pressure in cell (K) 

PABOVE 8502 1 jerks or 
ergs/cm^ 

= [P(K) + P(cell alJve)]/2 

EBLO 8503 1 jerks or 
ergs/cm^ 

= [P(K) + P(cen below) ]/2 

PIDTS 8504 1 l/cm sh 1,,/CAt « DY(j)3 in PHI, 
l./jtAt in FH2 

PPABOV 8505 1 None Not used 

35 
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PRR 

PUL 

OPT 

RC 

ReZ 

RHO 

RL 

RR 

PIG 

QOOOFL 

SWITCH 

TABLM 

TAU 

TAUDTS 

TAUDTX 

U 

UK 

URR 

8506 

8507 

8508 

8509 

8510 

8511 

8512 

8513 

85lU 

8515 

8516 

8517 

8518 

8570 

8571 

8572 

11072 

11073 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

52 

1 

1 

2500 

UT 1107U 1 

UU 11075 1 

UUU 11076 1 

UTEF 11077 1 

UVMAX 11078 1 

V 11079 2500 

VABOVE 13579 1 

VBLO 13560 1 

VEL 13581 1 

jerks or 
ergs/cnH 

= IP(K) + P(cell to the right)] 

None Not used 

None Not used 

cm [X(i) + X(i-l)]/<?. in PHI 

None If material leaves grid in PH2, 
ReZ set « 1. 

gm/cifl Density of material in a cell 

None Not used 

cm = Cx(i) + X(l+l)]/2. in PHI 

cm Minimum AX or AY in CDT routine 

None Not used 

None Not used 

None 
2 

cm 

cm (sh or sec) 

None 

cm/sh or/ 
sec 

cm/sh or/ 
sec 

cm /sh or/ 
sec 

None 

sh or sec 

None 

cm/sh or/ 
sec 

sh  or 
sec"1 

cm/sh or/ 
sec 

cm/sh or/ 
sec 

Cui/sh or/ 
sec 

None 

Factor on dV/dZ critical 

= n (X(i)2 - X(i-l)2) = area in Z 
direction 

= TAU(i) At in PHI 

Not used 

= R component of velocity in cell (K) 

= R component of velocity in cell (K) 
used in SHELL transport. 

= CU(K) RC + U(K+1) RR]/2. 

Signal in PHI, decrease At next pass 

New At in PHI, for integrating 
backwards 

Used in PH3 

R velocity component used to move 
particles in SHELL 

I Max velocity | /Min (Ax or Ay) 

Axial (2) component of velocity for 
cell (K) 

[V(K) + V(cell above)]/2. 

[V(K) + V(cell below)]/2. 

Used as tag in PHI and PH2 
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VK 13582 1 cm/sh or/ 
sec 

Axial component of velocity in cell 
(K) for SHELL 

VT 13583 1 gram/cm Rezone trigger set if macs of 
P=VT leaves the grid 

VTEF 1358U 1 cm/sh or 
sec 

Z velocity component used to move 
particles in SHELL 

W 13585 1 None Used in PH3 

WABOV 13586 1 jerks/gram or Minimum specific internal energy 
ergs/gram   allowed as a result of PH3 

WBLO 13587 1 om/sh or 
sec 

Minimum velocity allowed as a result 
of PH3 

W2 13588 1 None Not used 

W3 13589 1 None Not used 

WPS 13590 1 Working Storage 

WS 13591 1 

WSA 13592 1 

WSB 13593 1 

WSC 1359U 1 i 
XL 13595 130 cm R coordinate of particle N 

XL7 1372'i 1 None Used in velocity weighting for 
"I transport 

XN 13726 1 cm R coordinate of particle N at cycle 
(n-1) 

XR l?^? 1 None Used in velocity weighting for SHELL 
transport 

YL 13728 130 cm Z coordinate of particle N 

YLW 13858 1 None Used in velocity weighting for SHELL 
transport 

YN 13859 1 cm Z coordinate of particle N at cycle 
(n-l) 

YU 13860 1 None Used in velocity weighting for SHELL 
transport 

ZMAX 13861 1 cm The largest Z value of any particle 
in SHELL transport 

i 13862 1 Indices (working storage) 

ii 13863 1 

iN 13864 1 

iR 13865 1 

iWS 13866 1 < f 
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iWSA 13867 1 

iWSB 13868 1 

iWSC 13869 1 

iva 13870 130 None 

3 1U000 1 

dN 1U001 1 

dP 1U002 1 

dR 1U003 1 

K lU00'4 1 None 

KN 1^005 1 

KP 1^006 1 

KR lU007 1 

KRM lU008 1 

L 14009 1 

M 1U010 1 

MA 1U011 1 

MB lU012 1 

MC 1U()13 1 

MD l'40l4 1 

ME iUoi5 1 

MZ 1U016 1 None 

N 1U017 1 

KK 1U018 1 

NKMAX 1U019 x 

NK1 1UO20 1 

NO 1U021 1 

m 14022 1 None 

iW2 1^023 130 None 

X 152 53 cm 

Indices (working storage) 

i of the cell (K) where particle (N) 
is for SHELL transport 

Indices (working storage) 

Index of cell defined such that 
K » (J-1) iMAX + i+1 

Indices (working storage) 

Ret by input, for length of ?.  block, 
also used in EDIT 

Indices (working storage) 

Maximum number of radiation cycles/ 
hydro NR ^ NRM 

= (j) value of cell (K) where particle 
(N) is used in SHELL transport 

X(i) = right dimension of zone (i,o) 
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UL 205 200 

FLEFT 205 200 

YAMC 304 100 

SIGC 50U 100 

PL 405 200 

GAMC 405 100 

TAB 205 15 
AMK 220 15 
PK 235 15 
QIC 250 15 
Y 606 100 cm 

ASN 320? 52 

AST 3259 52 

ASNB 13595 52 Note 

ASTB 1364? 52 the 

RSN 13728 52 equivalence 

RST 13780 52 statements 

SIG33 13870 52 

DUDOT 13922 52 

DVDOT 14023 52 

DAIX 1U075 52 . 

KL 1U009 1 

KAR 1U010 1 

KA 14011 1 

KAL i4oi2 1 

KBR 14013 1 

KB 14014 1 

KBL 14015 1 

Note the equivalence statements 

Y(d) = top dimension of zone (i,j) 

Array for normal stress at top 

Array for shear stress at top 

Array for normal stress at bottom 

Array for shear stress at bottom 

Array for normal stress at the right 

Array for shear stress at the right 

Array for hoop stress 

Array for the R component of acceleration 

Array for the Z component of acceleration 

Not used 

Note the equivalence statements 
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Location Symbol 

z(i) PROB 

Z(2) CYCLE 

z(i) DT 

z(M PRINTS 

2(5) PRIKTL 

z(6) DUMPTT 

Z(T) CSTOP 

Z(6) PIDY 

Z(9) TMZ 

Z(10) 

Z(ll) 

Z(12) 

z(i3) 

z(i4) 

z(l5) 

Z(l6) 

z(i7) 

Z(18) 

Z(19) 

Z(20) 

Z(21) 

Z(22) 

Z(23) 

Z(2i0 

Z(25) 

Z(26) 

GAM 

GAMD 

GAMX 

ETH 

FFA 

PFB 

TMDZ 

TMXZ 

XMAX 

TXMAX 

TYMAX 

AMDM 

AMXM 

DM 

DMIN 

FeF 

DTNA 

Units Description 

Problem number (if positive, this is an OIL run; 
If negative, this is a SHELL run.) 

Cycle number (floating point value) 
,     _ , ,    ,n  4.(n-l) 
sh. or At hydro = t - tv 

sec 

Cycle frequency for short print 

Cycle frequency for long print 

Cycle frequency for binary tape dumps 

Cycle number at which problem will stop 

ir = 3.1^15927 

gm  Total (x + •) mass at t = 0 (calculated in 
CLAM code.) 

If = 0. (cylindrice.'1. geometry); otherwise 
Cartesian 

1./(Y.-1.) computed in input routine 

l./("Y - !•) computed in input routine 

jerk or Total energy (computed in CLAM for t = 0). 
Changed in PHI at transmittive boundaries and 
in PH2 as mass leaves the grid. 

Upper limit for stability and used to calculate 
At, only if CABLN - 0. 

Lower limit for stability and used to calculate 
At, only if CABUS  = 0. 

Total (•) mass at t = 0, calculated in CLAII code 

Total (x) mass at t = 0, calculated in CLAM code 

= x(iMAX) 

2(XMAX) at t = 0, calculated in CLAM code 

2(YMAX) at t = 0, calculated in CLAM code 

If the density of a cell is less than AMDM times 
the initial density (p0)> strength is bypassed 
for this cell 

Minimum particle (x) mass/2, calculated in CLAM 

(ETH - E)N"NPC/ETH 

If (ECK) > DMIN, problem will stop and the edit 
routine will call dump 

Flag for omitting strength 

At"'1 

erg 

gm 

gm 

cm 

cm 

cm 

gm 

sh. or 
sec 
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Location Symbol Units 

Z(27) CVIS - 

Z(28) NPR - 

Z(29) NERi - 

Z(30) NC - 

z(3i) NPC m 

Z(32) NRC mm 

Z(33) 1MAX - 

Z{3^) iMAXA - 

Z(3!J) jMX - 

Z(36) JMAXA - 

Z(3T) KMAX - 

Z(38) KMMA - 

Z(39) UMAX - 

z{ko) 

z(4i) 

ND 

KDT 

Z{k2) ixMAX 

z(^) NOD 

z{hk) NOPP 

Z(U5) K1MAX 

z(46) NjMAX 

z(^) 11 

zm 12 

zm 13 

z(50) 14 

z(5i) Nl 
* 

z(52) Wa 

Z(53) N3 

z(54) Uk 

Z(55) N5 

Description 

If < 0, bottom bovindary is transmittive; 
otherwise it is reflective. 

Index (working storage) 

Index (working storage) 

Cycle number (fixed point) 

Number of cycles between short prints 

Index 

Maximum number of zones in the R direction 

IMAX + 1 

Maximum number of zones in the Z direction 

jMAX + 1 

(lMAX)(jMAX) + 1 

KMAX + 1 

Total number of particles + 1, generated in 
CLAM, for SHELL problems only. 

Total number of (•) particles + 1, generated 
in CLAM 

If = 0, At has changed, if / 0, At remains 
constant 

Not used 

Index 

Index 

New IMAX before adding new zones 

New jMAX before adding new zones 

Maximum 1 disturbance 

Maximum j disturbance 

Not used 

Not used 

Scratch tape number for particles if this is a 
SHELL run 

Scratch tape number for particles if this is a 
SHELL run 

Number of particle records generated if this is 
a SHELL run 

Number of particles - 1 per record (MAX = 127) 
if this is a SHELL run 

Not used 
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Location Symbol Units 

z(56) Nb - 

z(57) NT - 

^(58) NO - 

Z(59) N9 - 

z(6o) NIO - 

z(6i) Nil - 

Z(62) NRM - 

2(63/ TRAD sh. 

Z(64) XNRG jerk 
or erg 

z(65) SN 

Z(66) DXN - 

Z(67) RADER grn- 
cm/sh 

Z(68) RADET it 

Z(69) RADEB it 

Z(70) DTRAD - 

Z(71) REZFCT - 

Z(72) RSTOP - 

Z(73) SHELL - 

2(7^) BBOUNL - 

Z(75) iQzcm gm/c 

Lgscrj.pt ion 

Number of rarticles on last particle record 
if this Is a SHELL run 

Not used 

Not used 

Not used 

= i value of zone that is controlling At 

= j value of zone that is controlling At 

= maximum number of radiation cycles/hydro 
cycle, input number 

= NR-At RAD = At HYDRO 

Total energy of (x) material 

If = 0, code will decrease At to correct for 
I < 0, otherwise those I < 0 are left alone 

Cutoff for ihe stresses 

Total positive radial momentum ((x) only) 

Total positive ejcial momentum ((x) only) 

Total positive radial momentum (x) for material 
under the target 

Not used 

If = 0, 1H2 will not trigger rezone. 

Factor for converting unlus for ei.   .gy 

Factor for converting units for speed of u.ound 
calculation 

Not used in this version 

Minimum density for mass flow at the free 
surface. The mass flux is held up unless it 
produces a density that is > than TOZONE 

Z(76) ECK L(J ETH-ExN      /ETH-ExN-NPC 
ETH r - ( ETH y /NFC 

2(77) SBOUND - 

2(78) XI cm/sh 

Zi/9) X2 cm/sh 

2(80) >Y1 - 

Z(81) Y2 - 

Fraction of A in mass weighting velocity 

Acceleration (R directica?) due to the stresses 

Acceleration (Z direction) due to the stresses 

Not used 

Not used 
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Lgoaxlon  Symbol  Units Descrlption 

Z(82)    GABLN    -     If < 0, code controls At but, at Z(l39) of 
instability 

Caution: You must load a  If = 0, code controls the At, decreasing At if 
At for this option.     [UAt IT/A4> I 

-—exceed FFA and increasing At if 
Ay less than FFB 

This holds if SN / 0     If greater than 0, At will remain constant 

Z(83)    VISC   jk/g   The change (/il^ ^ue to the stresses 

Z(84)    T      sh or   Total tii.ie up oo cycle N, tn = t11"1 + At 
sec 

Z(85)    GMAX      -    Maximum of v or y 

Z(86)    WSGD     -     v 
a 

Z(87)    WSGX     -    Y and (y  -l) in the CDT routine x     msx 
Z(83)    GMADR    -    Y /(/ ~1') 

Z(89)    GMAXR    -    YY^Y.-1.) x 
Z(90)    SI    sh" or  du/dR 

Velocity gradients 
Z(91)    S2       "    dv/dR I  , .,   A U4. u      A % l at the right boundary 

of cell (K) Z(92)    S3       " du/dZ 

Z(93)   Sk " dv/dZ 

Z(9^)   S5      " u/R J 
Z(95)   S6      " du/dZ \ 

Z(96)   ST      " dv/dZ I 
Z(9T)   S8      " du/dR \    Velocity g^ients p.t the top 

Z(9Ö)    S9       " dv/dR j  ^^ry of cel1 W 

z(99)   sio    " U/R 

Z(lOO) g Mass thrown away (PH2) if any cell has a 
p < TOZONE 

Z(.10l) jk or Total energy of this mass thrown away. 
erg 

Z(102) g-cm/sh Total rad?.al mementun of this mass thrown away 

Z(l03) " Total axial momentum of this mass thrown away 

Z{lOk) jk or Energy (internal) added to system when the 
erg internal is set to 0. if I < 0. (PH2) 

Z(105)   SKL   jk or The normal stress at the left boundary of 
erg/cm"3 cell (K) 

Z(106)   STL     " The siiear stress at the left boundary of cell (K) 

Z{lü7)        -,h'_1or Veloc .ty gz-adient cutoff 
sec" 



44 

Location  Symbol  Units 

,-jii or 

erg/g 

g/cm^ 

cra/sh 
or sec 

z( 103) 
z{ 109) 
z( 110) 

z( 111) 

z( 112) 

z( 113) 
z< ,114) 

z( .115) 
zl ,116) 
z( ;ii7) 
z< [HO) 
Zl ;il9) 
z [120) 
z [121) 
z [122) 
zl [123) 
z [124) 
Z( [125) 
Z( [126) 

z( [127) 
Z( [-'0Ö) 

z( [129) 
z [130) 
z [131) 
z [132) 
z [133) 
z [134) 
z [135) 
z [136) 
Z(137) 

z [133) 

g/cm3 

Jk/g 

jk/cmJ 

)k/g 

Description 

Not used 

Not used 

Critical en^.gy Ec, same value as Z(l22) used 
in PH2 

Initial density (p0) of the material 

Initial velocity of the projectile 

Not used 

Not used 

Density (pn) 

a      \ 

'0' 

0 
b 

A 

Vc 

E. 

•    For equation of state 

- a 
- ß 

jk/cn3 B 

SSI - 

SS2 - 

SS3 - 

SS4 - 

SS5 - I 
SL'6 - f 

ss7 - 

ss3 - 

S39 - 

SS10 - 

SS11 - ) 

Not used 

g/ cm Density check; if p(K) < Z(l38), the stabilit; 
check for cell (K) is biassed 



Location Symbol Units 

Z(139) - 

Z{lhQ) sm jk er 3 
erg, :m 

Z(l4l) STE n 

Z{lk2) SNT ti 

z(;U3) STT it 

z{ikh) SNB ti 

Z(l45) STB ii 

Z(l46) - 

Z(l47) - 

Z(l^) A 10 cm/sei 

Z(lii9) B - 

2(150) e - 

45 

Description 

Percent of instability, used in CDT if 
CA3LN < 0 

The normal stress at the right boundary of 
cell K 

The sheur stress at the right boundary of 
cell K 

The normal stress at the top boundary of 
cell K 

The shear stress at the top boundary of cell K 

The normal stress at the bottom of cell K 

The shear stress at the bottom of cell K 

Not used 

The j interface (projectile-target) 

C = A + BPG where A = CU and P is 
pressure in megabars 



REVISED FORTRAN LISTING 

FOR OIL 
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C 
c 

UST,CfcCK,i<£J- 
D       i       M N N 

c 
c 
c 
c 

1   L^iÜÜi.V 
^   PU50Qi, 
3   lUi(läC)« 

iRSKS^J ,S1 
LCWMUN 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
CUPIUiN 
COMMON 
COMMON 

AMlUOJt        KHUQit        YLiliOJ, 
i23C0itAMX(21>ÜÜi>AiX^^0Ci« 

lM^(i30i* 
JU53J, 
AMKU3), 

• YAMCdOOJ« 

XX(i>4iJt 
PK«i5i# 
pftuacit 
SiGCUOCit 

ASN(5kltAS7^2itASNfi<bkJtASTei£>^)»KäN 
0JJÜ>2i«QU0OT(S2i«0VOCT<Ski«OAlXtb2i 

ovaooit 

Uii200J« 
OAMCilCOi 

til 

CtgUlVALfcNCt 

2IZ<8)tPI0yi9 

ilZU2)*0AM.X)» 
4(ZU6j«TMDZif 
SUUOi.TYMAXj, 
6(Zl24itOMINi* 
7iZI28J»NPi<af 
iUZ(3Z)»N*Ci« 
9U(36)tJMAXAJ« 
CttiOlVACtNCE 
ilZ(4i)«N0Di4 

3UJMJ,IU). 

2 
AID 
Slfi 
DX 
COT 
PRÄ 

«XX 
«AiX 
»tiUONCt 
«CY 
*P 
«PUO 

RL,RR,SiC,WÜÜOI-i,SKiTOH 
TAU 
UT 
VAÜÜVfc 
vv 
WS 
XN 
ZMAX 
IWSA 
JP 
KRM 
MO 
NKi 

»IAÜCIS 
ffUU 
fVBLO 
»VVAbCV 
*WSA 
«XR 
»i 
«i«iSö 
tJR 
«L 
• M£ 
«NO 

UR 
AM 
DOXN 
t 
PAbÜWt 
WOT 

JALUTA 
COO 
Vfc- 
VVBLÜ 
MSB 
YL 
11 
iwsc 
K 
M 
Ml 
NR 

U,1Z, 

IZ^i« 
(Zdii 
lZU7i 

(Z(29J 
iziiJi 
IZIiTJ 

IZ^2) 

1        V 

PROäi« 
PRINTLJ, 
JIUi, 
ttlhi, 
•JMXZJ, 
«AMOMiv 

«NPMli« 
, 1MAAJ, 
«XMAXJ» 
«NOJ, 
»NOPRJ« 
«IZi« 
«NZ1, 

A 

«PR 
«AMO 
«ÜOVK 
tfO 
,PblL 
• RC 

»TAtiLM 
•0 
«OTtf 
»VK 
• Mi 
•«S£ 
«YLM 

«IN 
«IWI 
«KN 
«MA 
«N 
• iM2 

N 

00)« 

20Ci> 

♦ YV 
«AMX 
«OKt 
«PS 
«PiOTS 
»RfZ 

«UK 
«UVMAX 
»VI 
«*3 
«XI 
«YN 
• IR 
>J 
«KP 
«Mi: 
«NX 

YY 
i 

iOli« 
läO). 

Ph^ COit 
Ph2 OOJi 
PÜ2   CÜ4t 

Phi   CÜ7L 
Ph2 coat 
Phi   0Ü9C 
Ph^ Oioc 
Phi cut 

AREA 
OVK 
F* 
PPAbOV 
RhO 

URR 
V 
VTtF 
UPS 
XLP 
YO 
I WS 
JN 
KR 
MC 
NKMAX 

IZ4ii»0YU.ti« (Zm«OT>« 
U<6j«oyMPT7i« U(7i«CSTCPi« 
iZUOi.OAMJ« UU1J»0AM0J, 
UU4i«FPA), (iU3i9FPßi, 
IZUöifXMAXi« Ull9i«TXMAXi« 
(Ziiii.AMXMJ, (Z(i3i«DNNJ, 
(Z(i6i«0TNAi« (Z(i7),CVISJ« 
1Z1301VNCI« (Z{31)«.NPC}» 
iZ(34i«JMAJU), IZ(31>)fJMAX:« 
Ulitii   K^AXA), ii(39l«NMAX) 
lZ(41J«K0Ti, iZ^iflXMAX)« 
iZ^bJ.NlKAA), (i(4öl«NJMAX)« 
iZl49)«13)« (Z(l>üJ,l^J, 
iZU3i.N3)« U(34i«N4}, 

Phi 
Phz 
Phi 
Phi 
Phi 
Phi 
Ph2 
Phi 
Phi 
Phi 
Phi 
Phi 
Ph2 
Phi 
Phi 
Phi 
Ph2 
Phi 
Phi 
Phi 
Ph2 
Ph^ 
Phi 
Phi 
Phi 
Phi 
Phi 
Ph^ 
Phi 
Phi 
Phi 
P>U 
Ph^ 
Phi 
Phi 
Ph2 
Phi 

CliC 
G13C 
(J14C 
CISC 
C16C 
C17C 
ciec 
Ci9C 
OiCC 
0210 
0220 
0230 
0240 
CiSC 
Qi60 
Ci70 
0200 
0290 
03 CO 
0390 
0400 
0410 
0420 
0430 
0440 
0450 
0460 
0470 
04 DO 
0490 
0500 
0510 
0520 
0530 
0540 
0550 
OSöQ 
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C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 
c 
c 
c 
c 

5U(5§J»N9I, 
6(Z4 63J,TRAOi, 
7Ul67J,ÄAD£Ä)f 

atzi/iUREZFcri« 
9iZi75J,T0Z0NE), 
OEQUIVALENCE 
lU<S2)«£ABLNIf 
241Cö6)fWSGD)f 

3(Z<90J,Sli, 
4iZI94),S5), 
5(Z<9aj,S9}, 

lZ4 64J,XNÜGi, 
U16ö).HAß£Ii. 
(Z<72),ÄSTÜP), 
(ZI76),ECK), 
<Zi79i.X2), 
CZ(83i,VlSC). 
(Zia7i,WSGXJ, 
(Z(91J,S2Jt 

U(95),S6i, 
(Z499).S10J 

EQülVAl-ENC£iZll27),SSiJ,(Z 11281, 
l(ZCl31I.SS5itiZll32J,SS6Jf(Z{l33 
2«Zil36i,SS10i,(Za37i,SSil) 

£QUIVALENC£(ZI140I »SMR) •(Za41l« 
11 Z< 143) ,STTI ,IZU44i ,SN8i. (Zi 145 

<Zi57 
illbi 
Hits 
U(69 
iZ<73 
U<77 
(Z<80 
(Z184 
iz<d8 
(Z(92 
CZ(96 

SS2I»(Z 
ltSS7)t 

i9HlU 
J.MiJ. 

i.ftADEÖi, 
),SHELL). 
),$BOUND), 
).yu, 
itT), 
),GMAOfi), 
lfS3)v 
),S7)V 

(129),SS3) 
CZii34),SS 

UC58) 
(Z(6^| 
12(66) 
(Z<70i 
</(74) 
(Z(78) 
(Z(81) 
iZ<85) 
IZ(89) 
(Z(93) 
(Zi97) 

•N8), 
,NRM), 
,0XN)t 
•OTRAO), 
»BBOUNDI 
• X1J 
,Y2J. 
•GMAX), 
•GMAXRI, 
,S4), 
iS8), 

PH2 
PH2 
PH2 
PH2 

,PH2 
PH2 
PH2 
PH2 
PH2 
PH2 
PH2 
PH2 

0570 
0580 
0590 
0600 
0610 
0620 
0630 
0640 
0650 
0660 
0670 
0680 

•(Z(130),SS4), 
8),iZll35J,SS9), 

SlÄ),(Za42),SNT) 
It$781 

0EQU1VALENCE      CXXi2),X(i)),    <üR,UL,fLEFT), 
HPR(100l,SIGCI,IPR,PL,GAMC),iUft,TAa), 
2(UR(i6l,AMKI,    <UR(31),PK),     (URI46},QK), 
EQUIVALENCE«AM,ASN),<AN(53),ASri,(XL»ASNB), 
lUL(53),AST8i,iYL,RSN)tlyLl53),RSr),<IWl,SIG33), 
2(iMl(5JI,DU0(3TI,CIW2,0V00T),UU2l53l,0A2XI 
EQUlVALENCEa,KL),iM,KAR),{MA,KA),CM8,KALl, 
1(MC,K8R),{MD,KB:,IME,KBL) 
EQUIVALENCE (21105) ,SNl.), (Z( 106) ,STL t 

(UR!100),VAMC) 

IYY(2),Y(1)) 

PH2 0690 
,PH2 0700 
PH2 0710 
PH2 0720' 

♦♦**** NOTE I MATERIAL ONLY (X)) **•♦*♦♦**♦*♦ 

INPUT READS OIL DUMP TAPE OR 
MILL CALL SUBROUTINE SET*UP WHICH 
WILL MAKE A DUMP TAPE FOR CERTAIN TYPES OF PROBLEM 
(SEE SECTION ON SET*UP) 
ALSO CALCULATES OX AND OY AND EQUATION OF STATE OATA 
CALL INPUT 
COT ROUTINE CALCULATES OTIHYDRO TIME STEP) 
AND PRESSURES, ADVANCE CYCLE NO. ETC. 

10 CALL COT 
IN EDIT, DETERMINE WHETHER TO EXECUTE A LONG 

■ PRINT, A SHORT PRINT, A TAPE DUMP, ETC. AND 
CALCULATE TOTAL ENERGY IN SYSTEMtCOMPARE 
W;TH ETHI TOTAL MASS, INTEGRATE TOTAL 
COMPONENTS OF MOMENTA. 
CALL EDIT 
CALL SLITET(1,K000FX) 
SENSE LITE 1 SIGNIFIES THIS 

PH2 0730 
PH2 0740 
PH2 0760 
MAIN0020 
MAIN0030 
MAIN0050 

MAIN0060 

MAIN0070 

MAIN0080 
MAIN0090 
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C     IS THE LAST CYCLE OF THIS RUN $$$$$$$$$$*$$i$ 
C     LiTE TURNED ON IN THE EDIT ROUTINE »**♦** 

GO TOi30,20JtK000l:X 
C     PHI, INTEGRATE THE MOMENTA EQS. INTEGRATE 
C     ENERGY EQUATIONIONLY CHANGES DUE TO WORK 
C      TERMSI. NO MOVEMENT OF MASS HERE 

20 CALL PHI 
C      ♦♦**** PH3 CALCULATES THE CHANGE IN THE VELOCITY 
C     COMPONENTS AND INTERNAL ENERGY DUE TO THE 
C      STRESSES ACTING ON THE CELL .•• 

CALL PH3 
C     TRANSPORT MASS ACROSS BOUNDARIES (SOLVE 
C     MASS TRANSPORT EQ,) TRANSPORT TERMS IN 
C     THE MOMENTA AND ENERGY EQS. LEFT OUT OF 
C     PHI, HERE APROXIMATED 3Y MASS MOVEMENT. CONSERVE 
C     MASS, MOMENTA AND TOTAL ENERGY. 

CALL PH2 
1 C 
t C 

30 TO 10 
30 CALL EXIT 

END 
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HAINOIO 

XAINOIK 

MAIN0I2( 
MAIN0l3t 
MAIN014( 
MAIN015( 
MAIN016( 
MAINOITt 

$I8fTC CARDS  LlST.O£CK,R£F 
SUBROUTINE CARDS 
DIMENSION TAflLEilJ.CAROm.LABLEm 
COMMON TABLE 

C    A 2 IN COLUMN 1, ROUTINE WILL FIX THE 
C    FLOATING PT. NO. 
C     A 1 IN COLUMN 1« MEANS THIS IS LAST CARD TO 
C    READ IN. 

EQUIVALENCE(TABLEUI •LABLEUU 
WRITE (6,lO> 

1 READ  l5tllil£ND»LOC«NUMWPCfl(CARO(l)tl»ltNUMMPC) 
WRITE <6,12IIEND,L0C,NUMWPC,(CAR0m.I=l,NUMWPC» 
DO 4 i=lsNUMWPC 
J=LOC*I-l 
iFCIEND-2l2tSv2 

5 LABLE(J)=iFIXiCARD(I)i 
GO TO 4 
TABLEfJl»CARD(iil 
CONTINUE 
IFUENO-111,3,1 
RETURN 

FORMATS 
FORMAT(20H1  RFM   INPUT CARDS///} 
FORMATIIl,I5»il,0P7E9.4) 
FORMAT«1H 14*17.I3V1P7E14.6I 
END 

2 
4 

10 
11 
12 

- 
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CAROOOIO 
CARO0020 
CAR00030 

CARO0050 
CARD0070 
CARD0080 
CAR00090 
CAR00100 
CAROOUO 
CARO0I20 
CAR00130 
CAR00140 
CAR00150 
CAR00160 
CAROOUO 
CARD018Ö 
CAR00190 

CAR0021O 
CAR00220 
CAR00230 

i i* 

,$iBfrC   StTUP       LlST,DECK,REf 
SUBROUTINE   SETUP 

C WI4.L  ÜN1Y GENERATE   Cll   MATERIAL. 
C PACKAGES MUST   3E  RECTANGLES. 
C ASSUMPTION  Of  «  OX  ANO  =  OY 
C LOAO  PKC4j=i. 

M=PKU) 
f. LOAD  PKI5)«R16HT  dOUNOARY  OF   PELLETdJ. 

MA=PK<5) 
C     LOAD PKi6)=B0TT0MiJJ*l OF PELLET. 

MB=PKl6J 
C     LOAD PKI7)*T0P<JI OF PELLET. 

MC=PK(7i 
C    LOAÜ PK(8i*l. 

M0=PK(8J 
C LOAD   PKi9)sRIGHT{l)BOUNDARY  OF   TARGET. 

ME=PKI9I 
C    LOAD PKilO)=80TTOM<jm Of TARGET. 

MZ=PKUO) 
C    LOAD PKI11)=T0P(J)0F TARGET. 

N=PK(iU 
C LOAD   INITIAL   DENSITY   INTO ZClll). 

RH0=2aill 
LOAD  INITIAL   PELLET   VELOCITY   INTO  21112). 
VTEF=Zlli2i 
KMAX-IMAX*JMAX«-1 
KMAXA=KMAX+1 
^MAXA-JMAX^-l 
IMAXA=iMAX*l 
CLEAR ALL CELL ARRAYS. 
00 1 K*1,KMAX 
UIKi=0.0 
V<KI=0.0 
PU)-0.0 
AMX{K)=0.0 
AIX<Ki=0,0 

1 CONTINUE 
0XUI«DXIU 
Xil)«OXIl» 
ws=xa)**2 
lflGAM}4,2«4 

4  PIDY*1. 
TAU<1) = DXU) 
GO  TO  3 

2 PIDY=3.1415927 
TAUm = WS*PiOY 
CALCULATE   DX,XtTAU 

3 00   10   I^2,IMAX 
XiIi = X( I-1)+DX<U 
DXdJ^DXdi 
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ttSA=xm**2 
IFtGAM)5,6,5 

SETUOOli 5 TAUIU = DXm 
60 TO 10 

6 TAUCI)'P!OY*CMSA-WS) 
SETU098i MS»M$A 

10 CONTINUE 
SETU099t YCi)«0Y41) 

c CALCULATE OY AND Y. 
SETUIOOO DO 20 J=2,J*AX 

YUi«y(j-i)*0Yaj 
SETUlOlt 0Y(J|«DY(li 

20 CONTINUE 
SETU102C ETH«0,0 

DO 30 I=M,MA 
SETU103C K={Mö-li*lMAX*H-i 

c CALCULATE MASS, AND VELOCITY 
SETU104C 00 40 J»NB,HC 

A«XIKJ=ÄHO*OY(Ji*TAUU) 
SETU105C VlK»»VTEf 

c CALCULATE TOTAL ENERGY (ETH.J 
SETÜ106C £TH=ETH*AMX{K|*(ViKj#*2l/2.0 

40 K*K*IMAX 
SETU107C 30 CONTINUE 

c CALCULATE HASS Of TARGET. 
S£TU108(J 00 50 I»MO,ME 
SETU109C K»(J<2-ll*II4AX*l+i 
SETUllOO 00 60 J=MZtN 
SETUlllC AMXm=RHO*DYI J)*TAum 
S£ruil20 60 K-K^IMAX 

50 CONTINUE 
SErUll30 IKAX"IMAX 
SETU1140 JMAX^JNAX 
SETUllSQ SHELL«2.0 
SETU116G CYCLE=0.0 
SETUU7Ü 0T«0.0 
SETU1180 NHAXaO 
SETU119G Nl«2 
SErül20Q N2«3 
SETU1210 N3=0 
SETU1220 N4=127 

XMAX=X(INAXJ 
TXNAX«XMAX*2.0 
YMAX^YIJMAX) 
TYHAX«YMAX*2.0 
REWIND  7 

SETU124G WS»555.0 
w WRITE OUTPUT FOR OIL ON TAPE. 

WRITE ( 7)WS,CYCLE,N3 
SETUi26G WRITE ( 7Ja<n,I»l,l50) 
SETU127G 

OF  PELLET. 
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SETUIZSO 

SETUI300 
SETUi310 
SETU1320 

WRITE   ( 7)(UU),\/m tAMXm,AUmtPmrI = I,KMAXA) 
WRITE   i 7iX(0),(X(l) ,TAüin,I = l,IMAX) 
WRITE   ( 7)IY(n,I = 0,JMAX) 
US=666.0 
WRITE i TlWS.WStWS 
REWIND 7 
RETURN 
END 

SETU1330 
SETU1340 
SETÜ1350 
SETU1360 
SETU1370 
SETU1380 
SETU1390 

SETU1400 
SETU1410 
SETU1420 

SETU1430 
SETUI440 
SETU1450 

SETU1460- 
SETU1470 
SETUI480 
SETU1490 
SETU1500 
SETU1510 
SETU1520 
SETU1530 
SETU1540 
SETUliSO 
SETUI560 
SETU1570 
SETUI580 
SETU1590 
SETU1600 
SETU1610 
SETU1620 
SETUI630 
SETU1640 
SETU1650 

SETU1670 
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I8FTC   INPUT       LIST,DECK,REF 
SUBROUTINE   INPUT 

C 
c 
c 

c 
c 

TURN ON  SENSE  LITE  3. 
CALL SLITE 13) 

READ HEADER CARD (COLUMNS 2-72). 
READ  (5r8004IIUS 
WRITE 16,8004111^ 

C     CALL DATA. 
6 CALL CARDS 

C     IF PM3i = OR CREATE« THAN ZERO, CALL ROUTINE 
C     SET-UP, OTHERWISE, BINARY OIL TAPE HAS BEEN MADE. 
C   ' READ IN DATA FROM OIL DUMP TAPE, OR 
C     GENERATE A DUMP TAPE FOR OIL, AND 
C     CALCULATE DX  AND DY FROM THE X AND 
C     Y VALUES FROM TAPE. 

IF(PK(3l)d88 7,8888,8888 
8888 CALL CARDS 

CALL SETUP 
8887 CONTINUE 

READ TAPE 
GO READ BINARY TAPE. 
GO TO 1000 

C 
C 
C 

c 
c READ IN REMAINING INPUT CARDS 

10 CONTINUE 
CALL CARDS 
GO TO 2000 

C 
C     SET THE PRESSURES TO ZERO. 

40 DO 45 K=l,KMAXA 
45 PU)=0.0 

C     INTEGRATE BACKWARDS ON CYCLE, TIME AND NO. 
C    CYCLES BETWEEN ENERGY CHECK, SINCE THESE 
C    ARE ADVANCED IN CDT. 
C    NOTE, RSTOP « ENERGY FACTOR AND 
C     SHELL = FACTOR ON SPEED OF SOUND CALC. 
C    CONVERT FROM JERKS 70 ERGS. 

Z(117)=Z(il7)*RST0P 
Zlll9i=Z(119)*RST0P 
Z(122)=ZU22)*RST0P 
ZII26i~Z(126)«RSTOP 
Z(110)=Z(110)*RSTOP 
RST0P=1.0 
T=T-DTNA 
NC=NC-1 
IF(Z(149))3000,3001,3000 

OF 

INPU0010 
INPU0760 
INPU0900 

INPU0980 
'NPU0990 

INPUIOOO 
INPU1010 

INPU1020 

INPU1030 
INPU1040 
INPU1050 
INPU1060 
INPU1070' 
INPU1080 

INPU1090- 
INPUllOO 
INPU1110 
INPU1120 
INPU1130 
INPU1140 
INPU1150 

INPU1160 
INPU1170 

INPU1178 
INPU1180 
INPU1190- 
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C 
c 
c 

SINCfc   THESE   ARE   NOT   ON 

3ÜÜ0 Z(A48)=SURTU1119)/Zilli>)) 
Z(I49i=Z(149J*SHELL 
SHEi.L=1.0 

30ÜI CYCLE=NC 
NPC=NPC-1 
UVMAX=Ü.O 
CAtCULATt THE DX'Sf SINCE THESE ARE NOT ON 
TAPE. 
DO 50 i=l,IMAX 

so Dxm=xin-xu-i) 
CALCULATE THE DY«S, 
TAPE. 
00 55 J^l.JMAX 

55 DY<J) = Y(J)-Yt J-l) 
J=MZ-8 
PRINT Z BLOCK. 

bl   00 80 1=1,Jf8 
K=H-7 
DO 65 J=I,K 
IF(ZCJ)J70,65,70 

65 CONTINUE 
GO TO 80 

70 K=I*7 
WRITE i6t81IliI,U(L},L=I,K} 

80 CONTINUE 

ASSUMPTION THAT ALL OX AND OY ARE = 
NOTE, DVK=K(0i/IRHO{0)*OX SQ.J 
WS=DX(ii*DXilJ 
OVK=DüXN/{ZIlilJ*WS) 

/ 

INPUl20i 

INPUl21t 
INPU1221 

INPU123C 
INPU124C 

1NPU1251 
INPU126( 

INPU129C 
INPU130C 
INPU131C 
INPU132C 
INPU133( 
INPU134C 
INPUi35i 
INPUi36( 

GO TO 10000 
C 
C 
C 
c READ BINARY TAPE. 
1000 MZ=150 

IWS=0 
1003 REÜiND 7 
1004 READ(7)PRIIJ,PR{2),N3 

NR=N3-e-5 
1006 IFIPR(lJ--555.0)1010,1016,1010 
1010 ItoS=lWS+l 
1011 If(MODIlWS,3Ji9902,9902,1003 
1016 IF(PRC2))1010,1018,1018 

CHECK HERE FOR THE CORRECT CYCLE NUMBER. 
1018 IF(PK(2i-PR<2))1023,1023,1020 

;     SKIP OVER, LOOK AT NEXT CYCLE. 
1020 00 1022 L=2,NR 
1022 REAUm 

INPU137. 
INPU138 
INPU139 
INPU140 

INPU141 
INPU142 

INPU145 
INPU146 
INPU147 
INPU148 
INPU149 

INPU150 

INPU151 
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1023 

i024 

1025 
1034 
1036 
1038 
1040 

C**** 
C 
c 
c 
c 
2000 
2005 
2010 

2012 
2015 
2020 

GO TO 1004 

CHECK FOR   THE CORRECT PROBLEM NO« 
lFiABS(PROB-PK(1))-.01J1024.1024,9901 
REA0i7HU(U.vai«AMXm,AIxm,Pm,I = l,KMAXA) 
REAOmX(0),iXni,TAUm,I = l.IMAXi 
REA0(7i(Y(l)(I=0,JHAX) 
CONTINUE 
REA0(7JPRIl),PR(219Pai3) 
IFiPRUJ~555.0)9904.1040, 1038 
IF(PR(2i-666,0)9905,1040,9905 
60 TO 10 
END OF READ TAPE ♦**«*********«♦****♦**«**«««*♦*♦ 

INPUi53Q 

INPU1550 

CALCULATE MAX. GAMMA AND GAMMA/(GAMMA-l.)* 

IF(MSGXi9906t2010v2005 
GAMX=i.O/{WSGX-1.0i 
WSGX-IGAMX»1.0)/GAMX 
GMAXR=GAMX*WSGX 
lF(WSG0i99O7,2020,2015 
GAMD=1.0/(WSGO-i.OI 
USGO^IGAMO«-1.0J/GAM0 
GMAOR=GAMD«MSGD 
GMAX-MSGO 
1FIUSGO-WSGX)2025,2030,2030 

2025 6MAX=WSGX 
2030 GO TO 40 

c**«* END OF R E S **♦♦ 
C 
c 
c ERROR 
9901 NK*1023 

GO TO 9999 
9902 NK=i01i 

GO TO 9999 
9904 NK=1036 

GO TO 9999 
9905 NK=1038 

GO TO 9999 
9906 NK=2000 

GO TO 9999 
9907 NK=2012 
9999 NR-1 

CALL DUMP 
C 
10000 RETURN 
C 
C FORMATS 

INPU1650 

INPU1680 
1NPU1690 
INPUiTOO 

♦♦♦♦♦»^»♦♦»♦«♦»♦♦INPUITIO 
INPU1720 
INPU1730 

INPU1740 
INPU1750 
INPU1760 
INPUi770 
INPU1780 
INPU1790 
INPU180Ö 
INPU1810 
INPU1820 
INPU1830 
INPU1840 
INPU1850 
INPU1860 

:♦*♦***♦♦♦♦«♦♦♦♦**(Mpy1870 
INPU1880 
INPU1890 
INPU1900 
INPU1910 
INPU1920 
INPU1930 
INPU1940 
INPÜ1950 
INPU1960 
INPU1970 
INPÜ1980 
INPU1990 
INPU2000 
INPU2010 
INPU2020 
INPU2030 
INPU2040 
INPU20S0 
1NPU2060 
INPU2070 

v( 
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3   . ÖOOO F0RMAT{7E10.3,I2) INPU20 
eOOAOFORMATCil^lH INPU20 

l i                                                                                                                        INPU2i 
i     8111 FORMATUAröOl^J INPU21 
r     Q INPU2i 

END INPU21 

} 

i 

\ 
I  ( 
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SIBFTC  COT LIST,DECK,Ä£F 
SUBROUTINE  COT 

C 
C 

C 
C 
C     CHECK COURANT CONDITiON AND PAÄTiCLE 
C     VELOCITy, 
C     RECORD I AND J OF ZONE WHERE OT IS BEING 
C     CGNTROLLED. 
3000 VEL=0.0 
3005 DO 3050 1=1,11 
3010 K=I*1 
3015 00 3050 J«l,I2 

1»! 
J=J 

3020 IFiAMXiKiJ9901,3050,3025 

CDT 0010 
COT 0020 
CDT 0990 
CDT 1000 
CDT 1010 
COT 1020 

C 
C 
3025 

3030 
3035 
3040 
3045 
3050 
3055 

3070 
3075 
3095 
3100 

CALCULATE 
CALL ES 

PRESSURES FROM EQUATION OF STATE(ES) 

C 
c 

4 
3115 
3120 
3125 

C 
C 
C 
C 
C 
3130 
4000 

4001 

IF(ABS(PCK)J-1.0E-20)3035,3035,3040 
PtK)=0.0 
IFIWSGX-VEL)3050,3050,3045 
VEL-WSGX 
K-K+IMAX 
KDT=1 
UVMAX*-1.0 
DO 3255  1=1,11 
K»m 
DO  3255  J«1,I2 
KP=K«IMAX 
IFIAMXiKI)9901,3255,4 
IF  RHOIK)   IS  LESS   THAN   £(1381,   CELL  K 
MILL   BE   BYPASSED  FOR   STABILITY   CHECK. 
IF (ANX(KJ/(TAUUI*DY(Jn~Z{ 1381)3255,3255,3115 
SI6«0XUJ 
IF I0Y(Ji-SlGI3125,3130,3130 
S1G=DY(J} 
C=SPEED OF SOUND FOR POLYTROPIC GAS AS 
THE SQ. ROOT OF IGAMMA^P/RHOJ. 
HERE CALCULATE THE SPEED OF SOUND FOR 
THE EQUATION OF STATE 
AS THE SQ. ROOT OF DP/DRHO. 
IF(Z(148))4000,4000,4001 
US~SQRTIGMAX*rAUU)*DYIJ)*ABS(P(KiJ/(AMX(K))) 
GO TO 3205 
WSA=ABS(P(Ki) 
kS=Z(148)*Z(149)*<WSA*»Za50)) 

CDT 1030 
CDT 1040 
CDT 1050 
COT 1060 
CDT 1070 
CDT 1080 
CDT 1090 
COT 1100 

CDT 1110 
COT 1120- 
CDT 1130 
CDT 1140 
CDT 1150. 
COT 1160 
COT 1170 
CDT 1180 
CDT 1190 
CDT 1200 
CDT 1210 
CDT 1220 
CDT 1230 
CDT 1240 

COT 1250 
CDT 1260 
COT 1270 
COT 1280 

COT 1290 
COT 1300 
COT 1310. 

COT 1330 
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3205 
3210 
3215 

3220 

1 
3 

2 
3225 
3230 

3235 
.3240 
3245 

3250 
3255 

C 
C 
3260 

90 

91 

3265 
3270 
3276 
3280 

32Ö5 
3290 
3295 

C 
33C0 

85 
80 
84 

81 

83 
82 

WS=kS/SIG 
if(UVMAX-WSi3215f3220s3220 
N10=I 
N11=J 
UVMAX=WS 
CONTINUE 
EULERIAN CHECK FÜR RADIAL PARTiCLE VELOCITY, 
IFCGAWi2,3,2 
HS=ABSIUllUJ/TAUm*Xm/,5*PI0Y 
GO  TO  3225 
FQÄ CARTESIAN CODE 
US=ABS(lHKn/0X(n 
IF C UVMAX-WSJ323013235,3235 
UVMAX=WS 
N10=I 
Nll=J 
WS=ABS(ViK))/DYiJi 
IF(UVMAX-WS)3245t3250t3250 
N10=I 
Nll-J 
UVMAX-MS 
CONTINUE 
K=K+IMAX 
IFlüVMAXi9912f9912«3260 
FOR  OPTIONS   ON  CA8LN,  CHECK 
SECTION  3.4   IN  GAMD-5580. 
IF(CABLNI90,91,3300 
0T=.5/VEL/UVMAX*ZU39J 
GO  TO 3295 
WS=UVMAX*DT 
WSA=0.5/VEL 
lF(FFA-WSAi3276,3276,3270 
FFA^WSA 
IF(WS-FFAJ3285»33Ü0,3280 
OI«DT/«S*FFB/0.9 
GO TO 3295 
mwS-FF8a3290, 3290,3300 
0T=DT*FFA/WS*0.9 
KDT=0 
INTEGRATE THE TIME AND CYCLE COUNTER. 
T=I+DTNA 
iF(DTRA0)9911,80,81 
NR=NRM 
MS=NR 
TRAO=DT/WS 
GO TO 82 
IWS=DT/DTRAD 
NR=IäS*l 
I F^NR-NRM)84,84,80 
NC=NCn 

COT 1350 
COT 1360 
COT 1370 
COT 1380 
COT 1390 

COT 1420 
COT 1430 

COT 1440 
COT 1450 
COT 1460 
COT 1470 
COT 1480 
COT 1490 
COT 1500 
COT 1510 
COT 1520 
COT 1530 
COT 1540 
COT 1550 

COT 1560 
COT 1570 
COT 1580 
COT 1590 
COT 1600 
COT 1610 
COT 1620 
COT 1630 
COT 1640 
COT 1650 
COT 1660 
COT 1670 
COT 1680 

COT 1690 
COT 1700 
COT 1710 
COT 1720 
COT 1730 
COT 1740 
COT 1750 
COT 1760 
COT 1770 
COT 1780 
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CYCLE=NC 
NP£=NPC*1 

3305 If41)9909,3320.3310 
3310 If(K0T)9910,3315,3320 
3315 WRITE 16,800011,0TNA,DT 
3320 DINA=Dr 

GO TO 3325 
; NEGATIVE MASS 
9901 NK=3020 

GO TO 9999 
9909 NK=3305 

GO TO 9999 
9910 NK=3310 

GO TO"9999 
;     THE OT WLL BE 0. OR NEGATIVE «STOP 
9912 NK=1 

GO TO 9999 
9911 NK=85 
9999 NR=2 

CALL DUMP 
3325 RETURN 
80000F0RMAT IITHOCHANGE DT ... T=1PE9.3,11H 

1IN'M)=1PE9.3) 
END 

\ 

COT 1790- 
COT 1800 
COT 1810 
COT 1820 
COT 1830 
COT 1840 
COT 1850 
COT 1860 
COT 1870 
COT 1880 
COT 1890 
COT 1900 
COT 1910 
COT 1920 

0T(N)=1PE9.3.13H 

COT 1930 
COT k -^ 
C^/ C 
COT IVöG 

DTCOT 1970 
COT 1980 
COT 1990 
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.IBFTC PHI     LIST,DECK,REf 
SUBROUTINE PHI 

VELOCITIES, ENERGIES, PRESSURES ARE AT THE 
CENTER OF THE CELL. 
<2i PASSES THRU PHI ARE REQUIRED. NO 
«ASS IS MOVED IN PHI. 
****** NOTE 1 MATERIAL ONLY (XJJ ************ 

C 
C 
C 
C 
C 
C 
c 
c 
c 
c 
c 
c 

NRT=0 
NRC=0 
UU=1<.E+15 
UT=0.0 

C     YOU WILL GET BACK HERE IF AIX WAS LESS 
C     THAN 0. AND PROVIDED SN=0. 
8000 VEL=1.0 

C     INITIALIZE MID-POINTS OF FIRST AND SECOND 
'C     CELL IN R DIRECTION. 

IF(GAM19000,3301,9000 
9000 RC=1. 

RR^RC 
GO TO 3304 

3301 RC=DXm/2.0 
RR=(XIii+XI2))/2-0 

33C4 K=2 
C     AXIS OF SYMMETRY BOUNDARY CONDITIONS. 

DO 3302 J=1,JMAX 
PL(JJ=PIKJ 
ULiJ)=0.0 

3302 K=K+IMAX 
C     FIRST PASS THRU, CALCULATE U AND V AT 
C     CYCLE N+l, AND THE WORK TERMS USING U AND V 
C     FROM CYCLE N« 
C     SECOND PASS THRU, CALCULATE ONLY THE 
C     CONTRIBUTION TO THE CHANGE IN INTERNAL ENERGY 
C     FROM WORK TERMS EVALUATED FROM U AND V 
C    AT CYCLE N+l. 

DO 3360 1-1,11 
K«I*1 
iF(CVISJ7002,7003,7003 

C    BOTTOM BOUNDARY IS TRANSMITTIVE. 
7002 VBLO=VIKI 

PBLO=0.0 
GO TO 7004 

C     BOTTOM BOUNDARY IS REFLECTIVE. 

PHI 001 
PHI 090 

PHI 09 b 
PHI 09^ 
PHI 100 
PHI 101 
PHI 102 
PHI 10^ 
PHI 104 
PHI 105 
PHI 106 
PHI 107 
PHI 108 

PHI 10V 

PHI 110 
PHI 111 
PHI )AZ 

PHI 1U 
PHI 11^ 
PHI 115 
PHI 116 

PHI 117 
PHI 118 
PHI 119 

PHI 120 
PHI 121 
PHI 12i 

\ 
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7003 V8LO=0.0 
P6LÜ=P<K) 

7004 ?AÜDTS=TAUm*DT 
C     11= MAX.dJ Of DISTURBANCE IN R DIRECTION. 
C     12= MAXiJ) OF DISTURBANCE IN Z DIRECTION, 
C    00 LOOP IN J DIRECTION 

00 3348 J=lfI2 
PIDTS=1.0/(PIDY*OT*DYUJJ 
1P<GAM)9002,9004,9002 

9002 PIDTS=2.*P1DTS 
C     K= INDEX OF CELL IN QUESTION. 
C     N= INDEX OF CELL ABOVE. 
9004 N-K+IMAX 
3305 IF(AMXlKi)9902»3340,3306 
3306 IF(iMAX-IJ9903,3311.3310 
3310 IF(AMX<K+1))9904.3312,3314 

WE ARE AT THE RIGHT BOUNDARY, SET PRESSURE 
GRADIENT TO 0. IN R DIRECTION, HOOIFY ETH. 
FOR RIGHT BOUNDARY BEING TRANSM1TTIVE. 

3311 PRft=PL{Ji 
3307 £TH=£FH-PRÄ<'U<Ki/PlDTS«RC 

GO TO 3313 
RIGHT BOUNDARY CONDITION FOR THE MOMENTUM EQ. 
ADJACENT TO EMPTY CELL. 

3312 PRR=0,0 
3313 URR=RC*U(K) 

GO TO 3316 
CALCULATE PRESSURE AT'lNTERFACEiI) AND 
IRUi FOR WORK TERM.   ' 

3314 PRR*tP<KJ+PL*+lJ)/2.0 
3315 URR=CU<K)*RC*U(K*lJ*RRJ/2-0 
3316 IF(JMAX-JJ9905,3318,3320 

SET PRESSURE GRADIENT TO 0. THIS IS FOR TOP 
BOUNDARY BEING TRANSMITTiVE- 

3318 PAB0VE=PBLO 
C     MODIFY ETH FOR TOP BOUNDARY CONDITION. 
3319 £TH=ETH-PABOV£*V(KI/2.0«TAUOTS 

GO TO 3323 
3320 IFIAMX(N))9906,3322,3324 

C     TOP BOUNDARY CONDITION (EMPTY CELL ABOVE.I 
C     TOP BOUNDARY CONDITION FOR VELOCITY (EMPTY CELL ABOVEJ. 
3322 PABOVE=0-0 
3323 VA60V£=V(K) 

GO TO 3328 
C     CALCULATE PRESSURE AT INTERFACE(JJ 
3324 PAflOVE=(P{K)*P(NU/2.0 

IFJCVIS»7001,3325,3325 
7001 IF(1-J)3325,7000,9905 

C     BOTTOM BOUNDARY IS TRANSHITTIVE, SET PRESSURE 
C     GRADIENT TO 0. 

PHI 1230 
PHI 1240' 
PHI 1250 

PHI 1260 
PHI 1270 

C 
c 
c 

c 
c 

c 
c 

c 
c 

PHI 1290 
PHI 1300 
PHI 1310 

PHI 1320 
PHI 1330 
PHI 1340 

PHI 1350 
PHI 1360, 
PHI 1370 

PHI 1380 
PHI 1390 
PHI 1400 

PHI 1410 

PHI 1420 
PHI 1430 
PHI 1440 

PHI 1450 
PHI 1460 
PHI 1470 

PHI 1480 
PHI 1490 
PHI 1500 
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7000 

3325 
3328 

C 
3400 

C 
C 

3401 
3402 

3403 
C 
C 
3404 
6005 
6605 
6606 
6607 

' 6004 
6015 
6016 

C 
C 

3332 

1000 
1001 

1011 

c 
c 
c 
r 

1013 
1014 

C 
c 

. 3340 

AND MÜÜiFY ETH. 
PBL0=PA80Vt 
£IH=ETH*PBLO*V(K)/2,0*TAU0TS 
VELUCITY AT INThRfACE(J) 
VABÜVfc^(VlK)*V(Ni)/2.0 
IF(VEL)9907,3404,3400 
COMPUTE DELTA U AND DELTA V- 
V(KJ=V(K)+(P8L0-PABQVE)*TAUDTS/{AMXiKn 
**** NUTE, EPSILON IS   FOR C-G.S- UNITS ************* 

*** FOR QIL UNITS SET IT TU l.E-8 ♦*♦***♦ 
lFUBSiV(K)i~l.i 3401, 3401,3402 
ViKJ=0.0 
U(K)=UtK)+(PL(JJ-PRR)/(ÄMX(KiJ*RC/PIPTS*2.0 
1FIABS(UiK)J-l.)3403,3403,3404 
U(KJ=0,0 
CHECK FOR ADVANCING COUNTERS OF THE ACTIVE 
GRID IN THE R DIRECTION.  , 
IF(I-Ili6016,6005,6005 
IFIUU) i66Ü5,6606,6ö05 
NRC=l 
IF(ViKJi660 7,6004,6607 
NRC=1 
iF(AlX(K)i6015,6016,6015 
mc= 1 
CONTINUE 
HERE CALCULATE CHANGE IN INTERNAL ENERGY 
DUE TO WORK TERMS ONLYo 
WS={VBLO-VAB0VE)*TAUDTS/2,0*P(K) 
RHO=WS+tULlJ)-URR)/PIDTS*P(KJ 
CONVERT TO SPECIFIC INTERNAL ENERGY, 
WSX=AlXiKJ+RHO/AMX(KJ 
GO TO 1000 
CHECK FOR NEGATIVE INTERNAL ENERGIES. 
IFtWSXUOU,1001,1001 
AIX(K)=WSX 
GO TO 3342 
UT=1.0 
COMPUTE NEW DTI STORE IN UUJ 
THAT OI/DT WILL BE THE SAME 
TIME STEP, THE NEW DT IS CHOSEN SUCH 
THAT AIXIAT N+U = 2/3 OF AIX(N). 
WSA=2.0*AlXtK)/3.0*DT/(AJX(K)-WSXJ 
IF (WSA-UUU014,1001,1001 
UU=WSA 
GO TO 1001 
CELL (KJ IS EMPTY, SET INTERFACE QUANTITIES, 
ASSUMING CELL TO THE RIGHT AND TOP ARE 
NOT VOID. 
PRR=O.G 
URR=U«K+1)*RR 

ASSUMING 
FOR A SMALLER 

PHI it 
PHI It 

PHI I4 

PHI It 

PHI It 

PHI 1: 
PHI 1' 

PHI li 

PHJ 1< 
PHI i' 
PHI I 
PHI 1' 
PHI 1/ 
PHI 1 
PHI 1< 
PHI If 

PHI 1 
PHI 1 

PHI 1 
PHI 1 

PHI 
PHI 
PHI 
PHI 1 

PHI 1 
PHI 1 
PHI 1 
PHI I 

PHI 1 
PHI 1- 
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PAöOV£=0.0 
VAöCVE^VCNi 

c SET RIGHT QUANTITIES TO THE LEFT IFOR NEXT 
c COLUMN SWEEPS ANO SET ABOVE QUANTiriES TO 
c BELOW FOR NEXT CELL ABOVE. 
3342 VBLO^VABOVE 

PL(J)=PRR 
UL«J)=URR 
K=N 

3346 P8L0=PAB0Vr 
LL-K-lMAX 

C CHECK FOR AOV'ANCING COUNTERS OF THE ACTIVE 
C GRID   IN I  OiRECTiON. 

IFiU(LLi)6000t60Cl,6000 
6000 NRT=1 
6001 IF«V(LLJ)6002f6003»6002 
6002 NRI^l 
6003 IFCAIXiLLii6017,6018,6017 
6017 NRT^l 
6018 CONTINUE 
3355 RC=RR 

lFiGAMJ3360,9007,3360 
9007 RR*(XU*lJ4-X(I*2i)/2.0 
3360 CONTINUE 
3361 IFIVELi9911,10000,3363 
3363 VEL=0.0 

GO TO 33CI 
C ERROR 
9902 NK-^^OS 

GO TO 9999 
9903 NK=3306 

GO TO 9999 
9904 NK=3310 

GO TG 9999 
9905 NK=3316 

GO TG 9999 
9906 NK=3320 

GO TO 9999 
9907 NK=3328 

GO TO 3999 
9911 NK=3361 
9999 NR=3 

CALL DUMP 
C IF SNiNCT=0.i ANY NEGATIVE ENERGIES WILL 
C REMAIN. iF=0f CODE WILL TRY ANOTHER PASS 
C WITH A SMALLER DT. 
10000 I»:ISN)7030,7031,7030 
7031 IFC'JT)7020,7030,7010 

C NEGATIVE ENERGIES HAVE OCCURED, IMEGRATE 
c BACK TO C^CLE N W!TH (-DTU 

PHI 
PHI 

PHI 1850 
PHI 1860 
PHI 1870 
PHI 1880 
PHI 1890 
PHI 1900 

PHI 1910 
PHI 1920 
PHI 1930 
PHI 1940 
PHI 1950 
PHI 1960 
PHI 1970 
PHI 1980 

PHI 2000 
PHI 2010 
PHI 2020, 
PHI 2030 
PHI 2040 
PHI 2050 
PHI 2060 
PHI 2070 
PHI 2080 
PHI 2090 
PHI 2100 
PHI ^110 
PHI 2120 
PHI 2130 
PHI 21';C 
PHI 2150 
PHI 2160 
PHI 2170 
PHI 2180 
PHI 2190 

PJ-'l 
PHI 

2Z0) 
2210 
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7010 

C 
C 

7020 

7030 

620C 
6100 
6202 
6201 

INTEGRATED BACK TG 
CYCLE N«-l WITH NEW 

UT^-1.0 
DT=-DT 
YÜÜ NOW HAVE 
INTEGRATE TO 
GO TO 8000 
UT=0<,0 
OT=UU 
NR=DT/TRAD+1.0 
WS=NR 
TRAD=DT/WS 
DTNA=DT 
GO TO 8000 
INCREASE ACTIVE GRID COUNTERS IF NEEDED. 
I1=I1+NRC 
12=I2+NRT 
IF( U-1 MAX J 6100, 6100, 6200 
Il^IMAX 
1FII2-JMAXi6201,6201,6202 
I2=JMAX 
RETURN 
END 

CYCLE N. NOW 
DTI STORED IN UU). 

PHI 2220 
PHI 2230 

PHI 2240 
PHI 2250 
PHI 2260 
PHI 2270 
PHI 2280 
PHI 2290 
PHI 2300 
PHI 2310 

PHI 2320 
PHI 2330 
PHI 2340 
PHI 2350 
PHI 2360 
PHI 2370 
PHI 2380 
PHI 2390 
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$iBFTC PH2    LISFtOfCK.REF 
SUBROUTINE PH2 
NOTE MIN. DENSITY FOR REZONE IS A INPUT NO. (VTU 
Z(110J= CRITICAt ENERGY« BETWEEN GAS AND CONDENSED STATEJ 
ZC1U)= INITIAL DENSITY 
Z(112)= INITIAL VELOCII/ OF PELLET 
TOZONE « MINIMUM DENSITY FOR MASS FLOW 

PH2 OOIO 
C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

AMPY=MASS ACROSS TOP BOUNDARY OF CELL 
AMUT=RADiAL MOMENTA OF THIS MASS 
AMVT=AXIAL MOMENTA OF THIS MASS 
ÜELET=TOTAL SPECIFIC ENERGY OF THIS MASS 

AMMP=MASS ACROSS RIGHT BOUNDARY OF CELL 
AMUR=RADiAL MOMENTA OF THIS MASS 
AMVR=AXIAL MOMENTA OF THIS MASS 
OELER=TQTAL SPECIFIC ENERGY OF THIS MASS 

AMMy=MASS ACROSS BOTTOM BOUNDARY OF CELL 
AMMU=8A0IAL MOMENTA OF THIS MASS 
AMMV=AXIAL MOMENTA OF THIS MASS 
D£LEB=TOTAL SPECIFIC ENERGY OF THIS MASS 

GAMC=MASS ACROSS LEFT BOUNDARY OF CELL 
FLEFT=RADIAL MOMENTA OF THIS MASS 
YAMC-AXIAL MOMENTA OF THIS MASS 
SIGC=TOTAL SPECIFIC ENERGY OF THIS MASS 

NRT=0 
NRC=0 
REZ=0.0 
CALL SLITE 10) 
PIDTS=1.0/(P10Y*DTI 

101 00 103 J=IfJMAX 
102 GAMCIJi^O.O 

FLEFTIJI=0.0 
YAMCIJi=0.0 
SIGCIJJ«0.0 

103 CONTINUE 
104 DO 547 1-1,11 

105 K=I*1 
80 IF(AMXiKJi9900,97,81 
81 IF<V(K*)82,97,97 
97 AMMV«0.0 

GO TO 98 
82 AMMY=AMXIK}*V(K)*Dr/DY(Ji 
83 IF«AMMY+AMXIKJJ84,85,85 

PH2 0900 
PH2 0980 

PH2 0990 
PH2 1010 
PH2 1010 
PH2 1030 
PH2 1040 
PH2 1050 
PH2 1060 
PH2 1070 
PH2 1080 
PH2 1090 
PH2 1100 
PH2 1110 
PH2 1120 
PH2 1130 
PH2 1140 
PH2 1150 
PH2 1160 
PH2 1170 
PH2 1180 
PH2 1190 
PH2 1200. 
PH2 1210 
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84 AMMY=-AMX(K) PH2 1223 
85 IFiCViSHOö,99,99 PH2 1230 

C     BÜITOM BOUNDARY IS TRANSM1TTIVE, MATERIAL IS MOVING 
C     OUTt REMOVE IfS ENERGY ERÜM ETH. 

106 AMMÜ=AMMY*LUK) PH2 124t 
AMMV=AMMY*VIK) PH2 1250 
DELEB^AiX(K)+(U(Ka**2*V(KJ**2i/2.0 PH2 126L 
WS={Ü(Ki**2+ViK)**2)/2.0 PH2 1270 
£TH=£TH*AMMY*lAIXiKä+WS) PH2 1280 
GO TO 107 PH2 1290 

C     BOTTOM BOUNDARY IS REFLECTIVE» NET MOMENTA CHANGE 
C     IN Z DIRECTION IS 2 MV. 

99 AMMV=2.0*AMMY*V4K) PH2 1300 
98 AMMY=0.0 PH2 1310 

AMMU=0.0 PH2 1320 
OELEB=0-0 PH2 1330 

C     BEGIN DU LOOP IN J(Z) DIRECTION. 
107 00 546 J=i,I2 PH2 1340 
108 L=K+IMAX PH2 1350 

1=1 Ph2 1360 
J=J PH2 1370 
AREA=0.0 PH2 1380 
V£L=0.0 PH2 1390 
fS=0.0 PH2 1400 

210 IFiJMAX-J)2il,2ii,207 PH2 1410 
■  211 VEL=1.0 PH2 1420 

GO TO 208 PH2 1430 
207 lFIAMX(L)j2159215,2i4 PH2 1440 
214 IFiAMX(KiJ21fc,2l6,209 PH2 1450 
216 VABOVE=ViLi PH2 1460 

GO TO 212 PH2 1470 
215 IF1AMX(K))205,205,208 PH2 1480 
205 VABOV£=0.0 PH2 1490 

GO TO 212 PH2 1500 
208 VABOVE=V<K) PH2 1510 

GO TO 212 PH2 152C 
209 VAB0V£=(VIKJ*V{L))/2.0 PH2 153C 
212 CONTINUE PH2 154L 

1=1 PH2 155t 
J=J PH2 1560 
FS=0.0 PH2 1570 

404 IFUMAX-I) 412,412,405 ^»2 1580 
405 IF{AMXIK+in411,411,409 PH2 1590 
409 IFUMX(K))410,410,407 PH2 1600 
410 URR=U(K+li PH2 1610 

GO TO 408 PH2 1620 
411 IF{AMX(K))4C3,403,406 PH2 1630 
403 URR=C.O PH2 164t 

\                GO TO 408 PH2 1650 
C     W£ ARE AT THE RIGHT BüUNOARY OF THE GRID, THE 
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BOUNDARY CUNOIHON HERE IS TRANSMITIIVE, 
FS=l.O 
URRsU(K) 
GO TO 403 
ÜÄR«CUCKI*U<K«-l)i/2.0 
CONTINUE 
IFUREAi990i«301.547 
iFCVABOVEi300,304,302 
IfUMXUn 9900,304, 8800 
lfiJ"i)9900,303,8801 
KP=K-1MAX 
If(AMXiKP);9900,8803,303 

C A CHECK   ^RE  TO   INSURE  THAT   THE  BOTTOM  ZONES 
C Of  THE   PROJECTILE  EMPTY   (FOR  HYPERVELOCITy)   UP  UNTIL 

1FIAIX(KWU22J)350,303,303 
IF(AMX(Li)9900,303,306 
M=K 
JJ-J 
GO  TO  307 
AMPY=0.0 
AMUT*0.0 
AMVT«0.0 
OELET-0.0 
GO  TO  501 
IF(VELI9901,305,304 
IF(AMX(LI 19903,304,306 
M*L 
JJ=J*1 
IF(VEL)6130,6130,6140 
WSA«(VlK}*V(L))/2.0 
WSB=1.0*(V(L)-V(KJ)/(DY(JJ)*SBOUNOJ*DT 
VABOVEsWSA/WSB 
CALCULATE THE MASS FLUX AT THE TOP OF CELL K. 
AMPY=AMX(M)*VABOVE/DY(JJ)*OT 
IFCURRJ500.504,502 
IF(AMX(K)19900,504,503 
IF(1-117001,7001,7002 
M«K 
N«I 
GO TO 508 
KP=K-1 
IF(AMX(KP)i9900,7003,7001 
IF(AIXIKJ-Z(12211357,7001,7001 
IF(i-IMAX)351,7001,7001 
IF(AMX(K+1J)9900,7001,507 
AHMP-0.0 
AMUR=0.0 
AMVR-0.0 
D£L£R«0.0 
GO TO 1 

412 
406 

407 
408 
109 
301 
302 

8800 
8801 

6803 
350 
303 

304 
308 

300 
305 
306 

307 
6130 

6140 
501 
502 
503 

7001 

7002 

7003 
357 
351 
504 

PH2 1660' 
PH2 1670 
PH2 1680 
PH2 1690 
PH2 1700 
PH2 1710 
PH2 1720 
PH2 1730 
PH2 1740 
PH2 1750 
PH2 1760 

PH2 1780 
PH2 1790 
PH2 1800 
PH2 1810 
PH2 1820 
PH2 1830 
PH2 1840 
PH2 1850 
PH2 1860 
PH2 1870. 
PH2 1880 
PH2 1890 
PH2 1900 
PH2 1910 
PH2 1920 
PH2 1930 

PH2 1940 
PH2 1950 
PH2 1960 

PH2 1980 
PH2 1990 

PH2 2000 
PH2 2010 
PH2 2020 
PH2 2030. 
PH2 2040 
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.     500   IF(FSj9905f506,504 PH2   205^ 
506 IFUMX{K+1))990^,504,507 PH2   206« 
507 M=K+1 PH2  207i 

N=I+1 PH2  208> 
508 If(FSJ6i00,6100,6110 PH2   209 

6100   WSA=iUiK)*U(K+in/2.0 PH2   2101 
WSB=1.0+iU(K»lJ-U(M)/(0X(N)*S8üUN0l*DT PH2   211 
URR=WSA/WSB PH2   212( 

C             CALCULATE   THE   MASS   FLUX   AT   THE   RIGHT  OF   CELL   K. 
6110   DEN=AMX(Ma/TAUN) PH2   213C 

IF(GAW)9989,9990,9989 
9989 CART=1. 

GO   TO   9991 
9990 CART=Xm/.5 / 
9991 AMMP=OEN/PirTS*CART*URR 

1 IF(AMMPn6,ä    ,8820 PH2   215C 
8820 IF(GAMC{J)174,74,8821 PH2   216C 
8821 1F<FSJ6120,6120,74 PH2  2171 
6120   IF(AMX(K+in9903,8822,74 PH2   218L 
8822 IF(AMX(K)/ITAüU)*OYljn-Zlllii 18823,74,74 PH2  2lVt 
8823 1FIAIX<K)-Z(110)i8824,74,74 PH2   220C 
8824 WS=GAKUJ)+AMXlK}-TAUm*UY(J)*Zail) PH2 221C 

IFiMS 18826,8826,8825 PH2 2220 
8825 AMMP^hS PH2 223( 

GO TO 74 PH2 224C 
. 8826 AMMP=0.0 PH2 225C 

74 JTAG=0 PH2 226t 
C     BEGIN CHECKING TO SEE IF THEIR IS ANY 
C     PREFERENTIAL MASS FLUX BECAUSE OF CHOICE OF 
C     INDEXING DIRECTION. 

2 IF<AMPYJ3,4,4 PH2 227L 
C             TOP FLUX IS INTO CELL K. 

3 ITAG=1 PH2 2281 
WSB=AMPY PH2 229L 
AMPY=0.0 PH2 230 
GO TO 64 PH2 231 

4 ITAG=0 PH2 232 
64 IFUMWY)9,5,5 PH2 233 

C     BOTTOM FLUX IS INTO CELL K. 
5 IF(GAMC(J)17,6,6 PH2 234 

C     LEFT FLUX IS INTO CELLK. 
6 WS=AMXIK) PH2 235 

GU TO 11 PH2 236t 
C     LEFT FLUX IS OUT. 

7 WS=AMX(K)*GAMC(J1 PH2 237L 
GO TO 11 PH2 238( 

C     BOTTOM FLUX IS OUT OF CELL K. 
9 IF<GAMC<J1)10,8,8 PH2 239L 

-C     LEFT FLUX IS INTO CELL K. 
8 WS=AMX(K1+AMMY PH2 240i 
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C 
C 
c 

10 
il 
12 

13 

75 
73 
14 
15 

16 
76 

17 
ia 

19 
29 

21 
9993 

9992 
9994 

22 
23 

24 

26 

25 
27 
28 

29 

31 

30 
32 

GO TO 11 
LEFT FLUX IS 001 CP CELL K, 
MS»AMXiK)+GAMCUi+AMMY 
WSA»A>*Py*AMIP 
IFIäSA-HSi75t75,13 
CHANGE   TOP  AND JUGHT  FLUX  TO  BE   THE 
OLD  FLUX  TIMES  THE  MASS  OF  THE  CELL/THE  SUM 
OF   THE   OLD  FLUXES. 
AMPY=AMPY*WS/kSA 
AMMPsAMMP*MS/HSA 
IF(JTAGI14f73,14 
MSC-AMMP 
IFUTAGil5«7000,15 
AMPY«WSB 
ITAG'G 
GO CHECK CELL ABOVE. 
GO TO 40 
RIGHT FLUX IS INTO CELL K. 
IF(FS>76,17,76 
USC~AMMP 
I=IMAX, SO CHECK CELL ABOVE K. 
GO TO 40 
IF(I*l-IMAX)19v189990a 
URAft«U(K*li/2..0 
GO TO 20 
UftRft»IU(K4-ll^U(K4-2i )/2.0 
lF<URRRI39,39t21 
FLUX   IS OUT  OF  THE RIGHT OF  CELL(K*1). 
IF(GAM)9992,9993,9992 
CARTsX(im*2. 
GO  TO 9994 
CARTEL 
URRR*lÄRR/TAUIi«-lJ*AMXIK+l)/P10TS*CART 
IFtJ-119909,23*24 
VBL0«V(K*Ai/2.0 
GO  TO  26 
KP-K-H-IMAJ( 
VBLO=iV(K*lUV(KPJ 1/2.0 
IF(VBL0i25t38,38 
FLUX IS OUT OF THE BOTTOM OF CELL(K*1). 
VBLOsAMX(K*l)/0Y(J>*VBL0*DT 
IFIV£L)28,29,28 
VAa«VIK*li/2.0 
GO TO 31 
KP«MJMAX*1 
VAB=(ViK*l)+V(KPJ)/2.0 
IF(VAfl)36f36,30 
FLUX IS OUT OF TOP. 
VAB=AMXIK+1)/DY{J)*VAB*DT 
US»AMX(K4-li 

PH2 2410 

PH2 2420 
PH2 2430 
PH2 2440 

PH2 2450 
PH2 2460 
PH2 2470 
PH2 2480 
PH2 2490 
PH2 2500 
PH2 2510 

PH2 2520 

PH2 2530 
PH2 2540 

fH2 2550 
PH2 2560 
PH2 2570 
PH2 2580 
PH2 2599 
PH2 2600 

PH2 2620 
PH2 2630 
PH2 2640 
PH2 2650 
PH2 2660 
PH2 2670 

PH2 2680 
PH2 2690 
PH2 2700 
PH2 2710 
PH2 2720 
PH2 2730 
PH2 2740 

PH2 2750 
PH2 2760 
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33 WSA=URRR-AMMP-VBLO+VAB 
34 IF(WSA-*S)77,77,35 
35 AMMP=AWMP*WS/WSA 
77 JTAG=l 

WSC=AMMP 
AMMPsfUO 
GC  TO   2 

C FLUX   AT   TOP   IS   INTO   CELL   (K*l). 
36 ^S=AMX(K+1) 
3i WSA=URRR-AMMP-VBLÜ 

GO TO 34 
C     FLUX IS IN FROM BOTTOM INTO CELi (K<-U, 

30 VBLÜ=0.0 
GO TO 27 

C     FLUX IS INTO CELL IK*1) FROM RIGHT. 
39 URRR=C*0 

Qfi   TO 22 
C     RIGHT FLUX OUT OF CELL iKi   IS POSITIVE AND TOP 
C     FLUX IS COMING INTO CELL (K) FROM (KLIMAX). 

40 IF(VEL)7000,41,7000 
41 IF(FS)42,43,42 

C     WE ARE Al   THE RIGHT BOUNDARY OF THE GRID. 
* 42 KP=K+IMAX 

URT=U<KP)/2.0 
GO TO 45 

43 KP=K+IMAX 
URT=<UlKPJ#-U(KP*l)J/2.0 

45 IF(URT}46,46,70 
C     FLUX AT RIGHT 1CELL MJ IS NEGATIVE. 

46 URT=0.0 
GO TO 47 

70 KP=K*IM4X 
IF(GAM^S996,9997,9996 

9997 CART=X{n*2. 
GO TO 9998 

9996 CART=1. 
9998 URT=URT/TAUiU*AMXlKP)/PIDTS*CART 

C     FLUX AT RIGHT ICELL MJ IS POSITIVE. 
47 IF(J+1"JMAX)48,49,9910 
4« KP=K+IMAX 

KLL=KP+IMAX 
VAÖT=lV(KP)+V(KLL))/2. 
GO   TO   51 

49   KP=KMMAX 
KLL=KP+IMAX 
VABT=V(KPJ/2.0 

51   IF(VABTi8810,71,72 
C FLUX   IS   IN  FROM   TOP   OF   CELL   M. 

• 8810   IFiAMXU))9903,8811,71 
C     CHECK FOR SOLID OR VAPOR. 

PH2 277L 
PH2 278( 
PH2 279L 
PH2 280i 
PH2 28It 
PH2 282( 
PH2 283C 

PH2 2840 
PH2 2850 
PH2 286C 

PH2 2870 
PH2 2881 

PH2 2890 
PH2 2900 

PH2 2910 
PH2 2920 

PH2 2930 
PH2 2940 
PH2 2950 
PH2 2960 
PH2 2970 
PH2 2980 

PH2 2990 
PH2 3000 
PH2 301C 

PH2 303C 
PH2 304C 

PH2 3070 
PH2 3080 

PH2 3100 
PH2 3110 

PH2 3120 
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8811 
8812 
8813 
8814 
8815 
8816 

8817 
71 

72 
52 
53 

54 
55 

60 
61 

59 
58 
57 
56 

7000 
309 
8833 
8835 
S836 

C 
C 
C 
c 
8837 
8838 

88J4 
8839 
8840 
8841 

318 
322 
323 

C 
c 

6900 

IFIAMXiKPi/iTAUll a «DY(J4-li)-Z( 111)) 8812,71» 71 
lFIAIX{KPi-2(110ai8813,71v71 
VA3TsVA6T*AMX(KU.)/OY(J+2)*OT 
*S=-VABT*AMX<Ki>)-TAUm*OYU*lJ ♦211111 
IFIWS18817,8817,8816 
AMPY=-WS 
60 TO 71 
AMPY=0.0 
VABT^O.O 
60 TO 60 
VA6T»VAST*ANX(KPi/0Y(J+l)*0T 
if46AWCCJ+1I154,53,53 
MS^AMXIKP) 
6C  TO  55 
WS=AMX(KP)♦fiAMC(J*lJ 
USA-VABI-AHPY4-UAT 
60 TO 57 
IFi6ANC(J*i))6l,61,59 
MS«A«XIKPi*GAMC<J*l) 
60 TO 58 
MS-AMXCKP) 
WSA=-AMPY*U«T 
IF(MSA>äSJ7000,7000,56 
AMPY-AMPY*MS/äSA 
60 TO 7000 
AMMP^MSC 
IfCAMPYi8834,8831,8833 
1I:<JMAX-J)9911,318.8835 
KP-K*1MAX 
IF1AMXIKP1)9900,8837,318 
♦»»* NOTE *♦*♦*♦»♦***♦♦****♦»♦***♦*****»*»*»****♦********♦*** 
ACROSS FREE SURFACE, HOLD UP MASS FLUX 
UNLESS THIS MASS PRODUCES A DENSITY 6REATER THAN TQZONE. 

IF4AMPY/CTAUUi*0Y(Ji)-T0Z0NEI8838,318,318 
AMPY-0.0 
60 TO 8831 
IFCJ-1J 9911.-325,8839 
IFIAMX(K)I9900,8840,325 
IFi~ANPY/iTAU<l)»OY<J+lJ)-TOZ0NE)8841,325,325 
AMPY-O.O 
60 TO 8831 
OELH^OAMC(J)♦AMMY-AMPY 
IF(VELi9901,324,323 
«S=ülKJ»»2«-ViKJ»»2 
MATERIAL HAS LEFT THE TOP, TRI66ER REZONE 
FLA6. REMOVE ITS ENER6Y FROM ETH(TOTAL ENEROY OF SYSTEMI. 
£TH=ETH-AMPY»<AIX(K)*WS/2.0I 
IF(AMPY/<TAU(I)»DYIJ)J-VTJ324,324,6900 
REZ-1.0 

PH2 3130* 
PH2 3140 

PH2 3160 
PH2 3170 
PH2 3180 
PH2 3190 
PH2 3200 
PH2 3210 
PH2 3220 
PH2 3230 
PH2 3240 
PH2 3250 
PH2 326Ü 
PH2 32 70 
PH2 3280 
PH2 3290 
PH2 3300 
PH2 3310 
PH2 3320 
PH2 3330 
PH2 334a 
PH2 3350 
PH2 3360 
PH2 3370 
PH2 3380' 
PH2 3390 
PH2 3400 
PH2 3410 
PH2 3420 

PH2 3430 
PH2 3440 
PH2 3450 
PH2 3460 
PH2 3470 
PH2 3480 
PH2 3490 
PH2 3500 
PH2 3510 
PH2 3520 
PH2 35J0 

PH2 3540 
■i 

PH2 3560 
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.  324 

325 
8831 

326 
327 

328 
329 

330 
331 

C 
C 

c 
c 

(P 

c 

332 

333 

509 
8844 
8845 
8846 
3847 

8843 
8848 
8849 
8850 

512 
513 
514 
8828 

518 
521 
522 
523 

6901 

AMUT=AMPY*LHJO 
AMVI=AWPY*V(KJ 
GO TO 326 
CONTINUE 
AMUT=AMPY*U(U 
AMVT=AMJ}Y*ViU 
0£LM=GAMC(JJ-AMPY+AMMY 
1F(AMPYB27J328,328 
DELET=AiX{Li + tUli.J**2+V{L)**?l/2.0 
60  TO   333 
lfiAMMYi329,330,330 
0£LET=0eLEB 
GO TO 333 
IFJGAMC(jn331I332t332 
DELET=SIGCtJi 
GO TO 333 
0£l.ET=AIXIK)*iUlK)**2*VIKJ**2)/2.0 
SOW UP RADIAi. MOMENTA FOR ALL FLUXES EXCEPT 
THE RIGHI AND STORE IN SIGMU, 
S IGMU=FL£F T< J)+AMMU-AMUT 
SUM UP AXIAL MOMENTA FOR ALL FLUXES EXCEPT THE 
RIGHT AND STORE IN SIGMV. 
SIGMV=YAMCIJJ+AMMV-AMVT 
SUM UP TOTAL ENERGY CARRIED BY THESE FLUXES 
EXCEPT THE RIGHT FLUX AND STORE IN DELEK. 
0£LEK=GAMC{Ji «SIGC{Ji+AMMY*DELEB-AMPY*OELET 
IF(AMMPi8843*518*8844 
iFUMAX-n9911t 518, 8345 
IFiAMXCK+li)9900,8846,518 
IF(AMMPmAUU}*OY(JiJ-TOZONEJ 8847, 518, 518 

GO 70 518 
^«1-119911,512,8848 
IF«AMX(KI)9900,8849,512 
IF(-AMMP/irAU(I*lJ«DY(J))-T0Z0N£)8850,512,512 
AMMP=0«0 
GO TO 518 
OELM=DELM-AMMP+AMXtK» 
CONTINUE 
CONTINUE 
AMUR=AMMP*U4K*li 
AMVR=AMMP*V«K+1) 
GO TO 525 
0ELM=D£LM-AMMP+AMXIK} 
CONTINUE 
IF<FSi9905,524,523 
WS=UiK)**2*V(K)**2 
ETH=ETH-AMMP*|AIX(K)+WS/2.0) 
IFUMMP/(TAUm*DYlJJ)-VTI524,524,690l 
RE7.= 1.0 

PH2 357L 
PH2 35 dC 
PH2 3591 
PH2 360c 
PH2 36 K 
PH2 362 C 
PH2 363. 
PH2 364 C 
PH2 3650 
PH2 3660 
PH2 36 7 C 
PH2 368 C 
PH2 3690 
PH2 37C0 
PH2 3710 
PH2 3720 
PH2 3730 

PH2 3740 

PH2 3750 

PH2 3760 
PH2 3770 
PH2 3780 
PH2 3790 
PH2 3800 
PH2 3810 
PH2 3820 
PH2 3830 
PH2 384C 
PH2 385C 
PH2 386 ( 
PH2 38 70 
PH2 38 80 
PH2 389C 
PH2 3901 
PH2 3910 
PH2 3920 
PH2 3930 
PH2 3940 
PH2 395C 
PH2 396C 
PH2 3970 
FH2 398 C 

PH2 4000 
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524 AMUR=AHMP*U{K) 
AMVRsAMMP*V(K) 

525 SIGMU=SIGMU-AMÜR 
SIGHV=SiGMV-AMV« 

526 TIC=0,0 
527 IflAMI^Pi 528,529,529 
528 0fcLER=AlXIK*l)*{Ü€K+ii**2*y<K*l)**2)/2.0 

GO  TO  537 
529 IF(AMMYI530,531,531 
530 D£LER=0£LEB 

GO TO 536 
531 If IGAMCUU 532,533,533 
532 0ELER=S1GC(JI 

GO TO 536 
533 iF(AMPYi535f535,534 
534 OELER=D£LET 

GO TO 536 
535 OELER=AIX(KJ+4U(K)**2+VIKJ**2)/2.0 
536 T1C«1.0 
537 D£LEK«OEL£K-AMMP*OEL£R 
538 iF(TIC)9907,539,550 
550 WS=OEL£R 

GO  TO 999 
539 WS*AIJUKJ + (UiKI**2*V«K)*««2)/2.0 
999   IF(DELMi998,543,540 
998  lFUMXCKi*l.E-6*-0£LMI9906,997,997 
997   D£LM=0.0 

GO TO 543 
i.     ENK=TOTAL ENERGY OF CELL (K) 
C     HAS BEEN AOOED AND LOST« 

540 ENK=AMX(KJ*WS*OEL£K 
C     BY CONSERVING AXIAL MOMENTA, 
C    AXIAL VELOCITY COMPONENT ^OR 

541 UJKJ=<SIGMU+AMX<Ki*ÜiK))/DELM 
C BY  CONSERVING RADIAL  MOMENTA,   CALCULATE  THE NEW 
C RADIAL   VELOCITY   COMPONENT  FOR  CELL  K. 

601   V(KJ*ISIGMV+AMX(K)*ViKU/0£LM 
IFU-ilJ603,6604,6604 

6604 IFIU(K;16605,6606,6605 
6605 NRC=i 
6606 1F1VIKJi6607,6608,6607 
6607 NRC=1 
6608 £F(AIXlK)a6609,6610,6609 
6609 NRC=1 
6610 CONTINUE 
603 WS«U{K)**2*V(K)**2 

C     BY CONSERVING BOTH TOTAL ENERGY AND 
C     MOMENVU CALCULATE THE NEW SPECIFIC 
C     INTERNAL ENERGY FOR C5U.L K. 

542 AIXIK)=ENK/D£LM-WS/2.0 

+ ENERGY THAT 

CALCULATE 
CELL K. 

THE NEW 

PH2 4010, 
PH2 4020 
PH2 4030 
PH2 4040 
PH2 4050 
PH2 4060 
PH2 4070 
PH2 4080 
PH2 4090 
PH2 4100 
PH2 4110 
PH2 4120 
PH2 4130 
PH2 4140 
PH2 4150 
PH2 4160 
PH2 4170 
PH2 4180 
PH2 4190 
PH2 4200 
PH2 4210 
PH2 4220 
PH2 4230" 
PH2 4240 
PH2 4250 
PH2 4260- 
PH2 4270 
PH2 4280 

PH2 4290 

PH2 4300 

PH2 4310 
PH2 432C 
PH2 4330 
PH2 4340 
PH2 4350 
PH2 4360 
PH2 4370 
PH2 4380 
PH2 4390 
PH2 4400 

PH2 4410 
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543 AMXm = D£LM 
IF(AMXiKJ)9SC0,2007,344 

20C7 Aixm=o.o 

VtKJ=0.0 
P(KJ=0.0 

C     THE RIGHT VALUES OF CELL (KJ BECOME THE LEFT 
C     VALUES CF CELL (K+i). 

544 GAMC( J)--;AMMP 
FLEFT(JJ-AMUR 
YAMC(JJ=AMVR 
SIGC(J)=OELER 

C     THE TCP VALUES OF CELL(K) ÖECOME THE 
C     BOTTOM VALUES FOR CEJLL (K*IMAXJ. 

545 AMMY=AMPY 
AMMU=AMUT 
AMMV=AMVI 
OeL£B=D£L£T 

546 K=K+IMAX 
LL=K"IMAX 
IF(U«LLiiö500,6600f6500 

6500 NRr=l 
6600 IF(V(LLJJ660i»6602t6601 
6601 NRT=1 
6602 1F(AIX(4.)J66U,547,6611 
662 1 NRr=l 
547 CONTINUE 

I1=I1*NRC 
I2=I2+NRT 
IFUMAX-11)6700,6701,6702 

6700 I1=IMAX 
6701 CONTINUE 
6702 IFIJMAX-I2)6800,6801,6802 
6800 I2=JMAX' 
6801 CONTINUE 
6802 GO TO 548 
9901 NK=300 

GO TO 9999 
9900 NK=302 

GO TO 9999 
9903 NK=305 

GO TO 9999 
9904 NK=506 

GO TO 9999 
9905 NK=500 

GO TO 9999 
9906 NK=513 

GO TO 9999 
9911 NK=8833 

GO TO 9999 

PH2 4^ 
PH2 ^ 

PH2 4A 
PH2 4^ 
PH2 4^ 
PH2 4^ 

PH2 4^ 
PH2 4^. 
PH2 4t 
PH2 4^ 

PH2 4i 
PH2 4t 
PH2 41 
PH2 4^ 
PH2 4i 
PH2 4t 
PH2 41 
PH2 41 
PH2 4t 
PH2 4< 
PH2 4t 
PH2 4t 
PH2 4£ 
PH2 4t 
PH2 4t 
PH2 4t 
PH2 4t 
PH2 4t 
PH2 47 
PH2 47 
PH2 47 
PH2 47 
PH2 47 
PH2 47 
PH2 47 
PH2 47 
PH2 47 
PH2 47 
PH2 4^ 
PH2 4t 
fH2 4i 
PH2 4i: 
PH2 4t 
PH2 4i: 
PH2 4i 
PH2 4t 
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9908 NK= 17 
GO TO 9999 

9909 NK= 22 
GO TO 9999 

9910 NK= 47 
GO TO 9fJ99 

9907 NK=538 
9999 NR^4 

CALL DUMP 
548 SUM=0.0 

2005 DO 2001 1^1,11 
K=I + 1 
DO 2000 J=1,I2 
If(AMX(K}}2000,2000.2009 
If ANY KHO (CELL OENSITVi IS LESS THAN TOZONE, 
SET THE MASS TO ZERO, AND TALLY THE 
MOMENTAS AND ENERGIES IN THE Z STORAGE, ALSO 
CHECK FOR NEGATIVE INTERNAL ENERGIES, if 
WE flNO SOME, SET THEM TO ZERO AfTER 
SUBTRACIING THEM FROM ETH.. 

2009 IfUMXm/(TAUll}*OY(J))-rOZONE)2010,2008, 2008 
2010 WS=lü{KJ**2*ViiK)**2J/2.0 

Z(100)=ZliOOJ*AMX(K) 
WS=AMX(Kj*IAIX(Ki+WSi 
ZU01i=Z(101)+WS 
ETH=EIH-WS 
Zil02I^ZU02i+AMXiKJ*UlKJ 
Z(103)=ZU03)*AMXIK)*ViKJ 
AMX«K)=0.0 
AIXIKI-0.0 
P{K)=0.0 
U(KJ*0.0 
V(K)=0.0 
GO TO 2000 

2008 IFIAIXm )2004,2000,2000 
2004 SUM=SUM+AIX(K)*AMX1K) 

AIXIK)=0.0 
2000 K=K+IMAX 
2001 CONTINUE 
2003 £TH=£TH~SUM 

Z<104i=ZU04i+SUM 
8000 IF(REZi6001,6001,8002 
8002 IF(REZfCT)800^,8004,8003 
8004 REZ=0. 

GO TO 800,' 
8003 CALL REZONE 
8001 RETURN 

END 

PH2 4880. 
PH2 4890 
PH2 4900 
PH2 4910 
PH2 4920 
PH2 4930 
PH2 4940 
PH2 4950 
PH2 4960 
PH2 4970 
PH2 4980 
PH2 4990 
PH2 5000 
PH2 5010 

PH2 5020 
PH2 5030 
PH2 5040 
PH2 5050 
PH2 5060 
PH2 5070 
PH2 5080 
PH2 5090 
PH2 5100 
PH2 5110 
PH2 5120 
PH2 5130 
PH2 5140 
PH2 5150 
PH2 5160 
PH2 5170 
PH2 5180 
PH2 5190 
PH2 5200 
PH2 5210 
PH2 5220 

PH2   5260 
PH2  5270 

P    I 
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MBFTC £S      LISTtOcCK}R£F 
SUBROUTINE ES 

C 
C 
C 
c 

10 

11 
i2 
13 
14 
15 
16 
50 
55 
75 

4003 
4002 

4001 
4000 

100 

119 
200 

999 

500 

METALLIC EvlUATION Of STATE, SEE 
GA-3216 REPORT. 

RHOW=AMX(K)/(fAU(I)*OYi J)) 
LTA=RH0W/Z(115) 
V0W=l,0/ETA 
Pl=AIXm*RHOU*ZUlt>) 
P2=<Z(115J*TAU{I)*0Y(J)J**2*A1X{K) 
P3=AMXiKi**2*Zill7) 
P4=Zai8)/{P2/P3*1.0}*AlXlK)*RH0W 
P5=Zai9)*<ETA-1.0) 
1F(ETA-1.0^50,100,100 
IFiV0k-Za20J 155,55, ,5 
IF(AIX{KJ-ZU22)J 100,100,75 
P7=ZI123)*(V0W-1.0) 
IF(P7-88.0i4002,4002,4003 
P7=88,0 
CONTINUE 
P8=EXP1P7J 
P9=l«0/P8 
P10=Z(124J*4(V0W-1.0)**2) 
IF(P10-88.0)4000,4000,4001 
P10=88«0 
CONTINUE 
Pli=EXPlP10J 
Pi2=1.0/Pll 
P4K)=P1*(P4+P5*P9)*P12 
GO TO 119 
P^Zi 126J*1 i £TA-l-0j**2) 
P{K)=P1+P4*P5+P6 
IF(P(K)i999,999,200 
MSGX=.5 
GO TO 500 
P(K)=0.0 
WSGX=,5*Z<125i 
*Q  TO 500 
RETURN 
END 

ES 0900 

ES 0980 
ES 0990 
ES 1000 
ES 1010 
ES 1020 
ES 1030 
ES 1040 
ES 1050 
ES 1060 
ES 1070 
ES 1080 
ES 1090 
ES 1100 
ES 1110 
ES 1120 
ES .30 
ES 1140 
ES 1150 
ES 1160 
ES 1170 
ES 1180 
ES 1190 
ES 1200 
ES 1210 
ES 1220 

ES 1230 
ES 1240 
ES 1250 
ES 1260 
ES 1270 
ES 1280 
ES 1290 
ES 1300 
ES 1310 
ES 1320 
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SlßFTC REZONE  UST»DECK,REF 
SUBROUTINE REZONE 

C 
C     CONSERVE MOMENTUM AND TOTAL ENERGYf INCREASE 
C     A4.L LINEAR DIMENSIONS BY 2. 4THUS 4 CELLS 
C     IN THE OLD GRID ARE COMBINED INTO 1 FOR 
C     THE NEW GRID.i 

NIMAX-lMAX/i 
NJMAX=JMAX/2 
DO 10 J=1,NJMAX 
K=(J-1)*NIMAX*2 
L=iJ-l)*2*IMAX+2 
DO 11 I=l,NiMAX 
M=L*1MAX 

12 WSA=AMXlL)+AMXlMi*AMXa+l)*AMXIM+li 
WSB=AMXlL)*lU{LJ**2*VlU**2UAMXlM)*iU(M) 

1**2+V(M)**2)*AMX(L4-1J*1U(L+1)**2+V(L+Ij**2i 
2*AMX(M+lJ*IU<M+i)<'*2*VIM+l)**2) 
UIK)=IU(L)*AMX(L)*UIMJ*AMX{M)*Ü<L+1)*AMXIL+Ii* 

1U(M#-U*AMX(M+1))/WSA 
V{KJ = (VlLi*AMxai*V(MJ*AMX<M)+VIL+ll*AMX<L*l)-»- 

IV ( M4-1) *AMX ( M-HJ )/WSA 
AiXIKJ=AirlLi*AMXiLJ*AlX(M)*AMX(M)+AIX(L*l)* 

lAMX(L+l)+AMXiM*l)*AIXIM-H) 
AMX(K)^i;SA 
WS=U{Ki**24-vm**2 
E»AiXU)+WSB/2-0 
AIXlK)=EyAMX(Ki-.5*WS 
IFCK-2J14,14,13 

C SET  CELL   QUANTITIES   OF   OLD   GRID   TO  ZERO- 
13 AMX(Li=0.0 

U{L)=OcO 
V(LJ=0.0 
AIX(LJ=0.0 
f»{L) = 0«0 
AMX(MJ=0-0 
U(M)=O.0 
ViM)=0«0 
AiXiM)=0.0 
P{M)=0o0 
AMX{L*1)=0.0 
U(L*l)=0e0 
V(L+li=0.ü 
AIXtL+D^O-O 
PIL+1)=0.Ü 
AMXlM*lJ=OoO 
U{M+U=0,0 
V{M+1)=0.0 
AIX(M4-li=0.0 
PCM4-1)=0.0 

REZ00010 
REZO0980 

REZ00990 
REZOIOOO 
REZ01010 
REZ01020 
REZ01030 
REZ01040 
REZ01050 
REZ01060 
RE201070 
REZ01080 
REZ01090 
REZ01100 
REZOlilO 
REZ01120 
REZÜil30 
REZOllVO 
REZO11Ö0 
REZ01160 
REZ0il7O 
REZQ1180 
REZ01190 
REZ01200 

REZ01210 
REZ01220 
REZ01230 
REZOI240 
REZÜ1250 
REZOI260 
REZÜI270 
REZ01280 
REZÜ1290 
REZ01300 
REZ01310 
REZ01320 
REZ01330 
REZOI340 
REZO1350 
REZ01360 
REZ01370 
REZ0I380 
REZ01390 
REZO1400 
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14 K=K+1 
L=L*2 

11 CONTINUE 
1C CONTINUE 

C     CALCULATE NEW OY AND Y UMAX OP THEM). 
10 DO 999 J=1,JMAX 

DYIJ)=DYU)*2.0 
999 CONTINUE 

DO 99 J=1,JMAX 
YiJ) = Y(J-lj4-DYU) 

99 CONTINUE 
16 DXa)=2.Ü*DXU) 

X(l)=OXUJ 
WS=XUJ***. 
IF(GAMi30CIt3000,3001 

3001 taS=DXm 
3000 IAU(1)=PI0Y«WS 

C     CALCULATE NEW DX AND X, AND TAUilMAX OF THEMi 
17 DO 98 I=2,IMAX 

X(U = XU-i)*ÜXm 
OXdi^DXtlJ 
WSA=XU)**2 
IF(GAM)3002,3003,3002 

3002 TAU{I)=DX(I) 
GO TO 98 

3003 TAUm = PIOY*(WSA-WS) 
WS-WSA 

98 CONTINUE 
IMAX«N1MAX 
JMAX=NJMAX 

C     PREPARE NOW TO 
C     AS   TO PRESERVE 

00 20 N=1,JMAX 
J=JMAX-H-N 
K=IJ-li*IMAX*l-HMAX 
L = { J-l)*( IMAX + IMAX)*H-IMAX 
DO 21 I=l,IMAX 

1000 AMXiLI=AMXlK) 
A1X1L)=A1X{K) 
U(L)=U(K) 
V(L)=V(K) 
PiL)=P(KJ 
IFIJ-Iil002,1002,1001 

1001 AMXCK)=0.0 
AIX(K)=0.0 
V(K)=C.C 
UCK)=0.0 
P(K)=0,0 

• 1002 K=K--l 
L = L-1 

SHUFFLE THE K ARRAYS SUCH 
K={J-1)*IMAX*I+1. 

REZOU 
REZOl^ 
REZOU 
REZ01A 

REZOK 
REZÜ14 
REZ014 
R£Z0l4c 
REZÜ14^ 
REZ015. 
REZQ15 
REZÜ15 
REZOli) 

REZOlb 
REZOlb 
REZ0I5 
REZ015 

REZ016 
REZÜ16 
RtZ0l6 
REZ016 

REZ016 
REZ016 
REZ016 
REZOlb 
REZ016 
REZ016 
REZ017 
REZ017 
REZQ17 
REZ017 
REZ017 
REZ017 
REZ017; 
KEZ017 
REZ017 
REZ017 
REZÜ18 
REZOlb 
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21 CONTINUE 
20 CONTINUE 

1MAX=NIMAX*2 
JMAX=NJNAX*2 
1I*NIMAX+1 
JJ«NJMAX*1 

C     AOO ON NEW HASS WITH OENSITV=Z(111) IN TARGET 
00 50 1=1.NIMAA 
K=iJJ-l)*IMAX+I-H 
00 60 J-JJ«JMAX 
A.MX(Ki=Z(llll*TAU(n*DY(J) 

60 K=K*IMAX 
50 CONTINUE 

JJ=lZ(147)/2.«.2i 
JJ=JJ*1 
00 61 1=11,IMAX 
K=H-1*(JJ-U*1MAX 
00 62 J=JJ,JMAX 
AMXiKi=z(iiii*rAunj*Dycj) 

62 K=K+IHAX 
61 CONTINUE 

C     RESET ACTIVE GRID MARKERS. 
C     ASSUMPTION THAT ALL OX AND OY ARE * 
C     NOTE, OVK=K(0)/(RHOIO}*OX SQ. J 

ws«ox(i)*oxm 
DVK=DOXN/{Z(llli*WS) 

REZOI820. 
REZ01830 
REZ01840 
REZ01850 

JJ=JJ-1 
Z(147I=JJ 
Il»NIMAX4-2 
I2«NJMAX*2 
WS=T*DTNA 
NKsNC'*'l 

; EDIT   THE  NEW  GRID. 
WRITE   l6,8004iWS,NKv0XU) 
WRITE   i6f8007UMAX,txm,l=0,IMAX) 
WRITE   (6,8008)JMAX.IY(Ji,J=0,UMAX) 
WRITE   (6,8009nMAX,IOX( I),I = 1,IMAX) 
WRITE   (6,80101 JMAX,(0YU),J=1,JMAXJ 
WRITE   <6,ö011JIMAX,(TAU(n,I=i,IMAX) 
KMAX--IMAX*JMAX+1 
IMAXA=IMAX*1 
JMAXA»JMAX+1 
KMAXAaKMAX+1 
RETURN 

80040FORMAT(1H  ////22H  PROBLEM  REZONEO  AT   T= 
1X*E12.6////) 

8007 FORMAT! 1H /10H XUi 1=0, I2/( 5Fl6.6i J 
8008 FORMAT!1H /IOH YIJ) J-O,I2/(5F16.6)I 
8009 FORMAHIH /11H DXUi 1=1,12/( 5F16.6) i 

REZ02040 
REZO2050 
REZ02060 
REZ02070 

REZ02080 
RE202090 
REZ02100 
REZ02110 
REZ02120 
REZ02130 
REZ02140 
REZ02150 
REZ02160 
REZ02170 
REZ02180 

lPE12.6,6X,5HCyCL£l4,6X,3H0REZO2190 
REZO2200 
REZ02210 
REZ02220' 
REZO2230 
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8010 FORMATilH /llh DYiJ) J=l,I2/(5f16.6)I REZ0224 
8011 FORMATUH /13H AREAdi 1 = 1,12/iFl6,6,4F 18-6) ). oc,„,, 

END RtZ0226 

'$» 
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SIBfTC  EDIT IIST.OECK.REF 
SUBROUTINE   EDIT 

C 
c 
c 
c 
c 
c 

(1) INDICATES LAST CYCLE OF THIS 

13) INDICATES FIRST CYCLE OF THIS 

104 

106 

108 
110 
112 
114 
120 

122 

124 
126 
128 
130 
132 

134 
C 
C 
c 
c 
c 

c 
c 
c 

136 
140 

142 

144 

1 
3 

6 
7 

SENSE LITE 
RUN, 
SENSE LITE 
RUN. 
CALL SLITETU.KOOOfX) 
GO TOI106«1081.KOOOFX 

CALL SLITE I3i 
GO TO 126 
If(CYCLE-CSTOPI110,122,122 
IF(R£ZJ9901f112tI24 
IF<AH0DICYCL£,0UMf>T7IJ114,124,114 
IFlAMOD<CYCLE.PRINTL)il20f126.120 
lFUMOO<CYCLEtPRINTSm40,128.140 
NORMAL STOP ON THIS CYCLE. 
CALL SLITE (U 
DUMP ON TAPE 7. 
GO TO 1 
CALL SLITE (4J 
GO TO 6000 
GO TO 1000 
CALL SLiTtTU,KOOOFX) 
GO TO(134«136)tK000FX 

GO TO 3000 
CHECK FOR ENERGY CHECK 
ECK» PERCENT ERROR/PER 
ECK=IETH-Ei/ETH AT CYCLE N-(ETH-E)/ETH 
AT CYCLE N-NPC ALL DIVIDED BY NPC, NOTE 
NPC= NO. OF CYCLES BETWEEN ENERGY CHECK 
IFiABSC ECKJ-DMINJ140,140,9905 
CALL SHTET(1,K000FXJ 
GO TOI142*144),KOOOFX 

REMIND  7 
CALL SLITE (1) 
GO TO 10000 

DUMP ON TAPE 7 
IF(0UMPT7i30,3,3 
BACKSPACE  7 
WS*555.0 
WRITE I 7IWS,CYCLE,N3 

7)(Z(L),L»1,MZ) 
7)IU(K),V(K),AMXtKI,AiX(K),P(K),K=i,KMAXA) 
7iX(0),(X(K),TAUIK),K=l,IMAXJ 
7)IY(K),K-0,JMAX) 

ERROR. 
CYCLE. 

WHERE 

WRITE 
WRITE 
WRITE 
WRITE 

EDIT0010 
E0IT0990 
EOIT1000 

EDIT1040 
EDIT1050 
EDIT1060 
EDIT1070 
EDIT1080 

EDIT1100 

ECIT1150 

E0IT1160 

EDIT1170 
EDIT1180 
EDIT1190" 
EDIT1200 
ED1T1210 
EDIT1220 
EDiT1230 

EDIT1240 
E0IT1250 
EDIT1260 

EDIT1280 
EDIT1290 
EDIT1300 
E0IT1310 
E0IT1320 
EDIT1330 

EDIT1360 

WS=666.0 EDIT1480 
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WRITE ( 7)MStWSfWS 
WRITE iö,8120)NC 

30 GO TO 126 
C 
C 
600C NK=12 

C     TABS ARE TANGENT ALPHAS. 
TAB(1)=0.02 
TAB(2)=0.04 
TA8(3i«0,06 
rÄfi(4) = 0.08 
TAÖ(5)=0.10 
TAB(6)-0.I5 
TABm = 0.20 
TAB(8)=0.25 
TAB(9J=0.30 
TAB(10)=0,4 
TA8U1J=0.5 
TABU2W-0 

6010   00  6012   1=1,18 
6012   PR(1)=0.0 

NKl=NK-*-2 
00 6014   1=1,NK1 
AMK(I)=0.0 
PKn)=0.0 

6014   QKiU^O.O 
00  6028  K=2ffKMAX 

6017   PR(1)=0.0 
PR(2)=0«0 
PR(4)=0. 

C     CALCULATE KINETIC ENERGY IN CELL K. 
WSB=(Ü<KJ**2*VIK}**2)**5 

6019 If(AMXiK))9917f6028,6020 
6020 l-MKl 

1F(V(K)J6026«6026>6022 
6022 WSA=ABS(UCK})/V<K) 

DO 6024 1=1,NK 
C     SEARCH fQR   TAN ANGLE THAT VELOCITY VECTORS 
C     MAKE. 

If<TAB(1J-WSA)6C24,6026,6026 
6024 CONTINUE 

I'NK+i 
6026 WS=AMX(K) 

C     SUM UP MASS BETWEEN ANGLES. 
6027 AMK( I)=AMK( n*AMX(K) 

C     SUM UP RADIAL MOMENTA IN THE ANGLES. 
PKm=PK(mUIKi*AMX(KJ 

C     SUM UP AXIAL MOMENTA IN THE ANG; . . 
ÖK(I)=QK(n*V(K)*AMXlKJ 

C     SUM UP TOTAL INTERNA  ENERGY 

EDIT1500 
EDIT1510 
EDIT152C 
EDIT153C 
EDIT1540 

EOIT1550 
E0IT1560 
ED1T157C 
E0IT1580 
EDIT1590 
EDIT1600 
EDIT1610 
E0IT1620 
EOIT1630 
E0IT1640 
EOIT1650 
EDIT1660 
EDIT1670 
EDIT1680 
EDIT169G 
EDIT1700 
EDIT1710 
EDIT1720 
EDIT1730 
EDIT1740 
EOIT1760 
E0IT1770 

EDIT1790 
E0IT180C 
EDIT1810 
EDIT182C 
EDIT183C 

£0171840 
EDIT1850 
EDIT1860 
EDIT1870 

EDIT1880 

EDIT1890 

EDIT1900 
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PiU5)«PR(5)+AiX(Ki*AMX(Ki 
C SUM  UP   TOTAL  KINETIC  EMERGY 

f>A(6|«PJU6)<-USB«AHXm 
C SUM  UP   TOTAL  MASS 

PRI8}-PRI8i>AMX(Xl 
6028  CONTINUE 

PR(3)»PRm«fR(2) 
PR<7|apR(5)«PR(6) 
XNR6"PR<7i 
PR(91»PRU)♦PR«5? 
PR(10isPRm*PR(6) 
PRail«PÄ43l*PRI7J 
PRU2I«PR<4)*PR<8J 
WSA«<ETH-PR(llil/ETH 
IP(CYCLEI993i,9931,9932 

9931 NPC=1 
9932 PRI181=(KSA~DNN)/FLOAT(NPC) 

ECK«PR(18) 
DNN«WSA 

C     RESET CYCLE COUNTER BETWEEN ENERGY CHECK. 
NPC=0 
SUMaQ-G 
00 800 1=1,13 
SUM«SUM*QK<n 
CONTINUE 
RADET= TOTAL POSITIVE AXIAL MOMENTUM IN GRIO 
RA0£r«SUM 
SUM^O.G 
00 810   K=2tKMAX 
IFUMXiK))810,810,8O2 
If<U(KII810,810,803 
SUM^SUM-f AMX (K«*\JlKi 
CONTINUE 

C     RADfcR= TOTAL POSITIVE RADIAL MOMENTUM IN GRIO. 
RAOER^SUM 
SUM-O.O 
J^Z(147) 
DO 811 I=I,IMAX 
K*I*1 
00 813 J=1,JJ 
IfCAMX(K))8i3,813,814 

814 If(UCK)J8l3,813,816 
816 SUM=SUM*UIK)*AMXIK) 
813 K=K*iMAX 
811 CONTINUE 

C     RAO£B= TOTAL POSITIVE RADIAL MOMENTUM BELOW 
C     INITIAL TARGET-PROJECTILE INTERFACE. 

RAOEB»SUM 
PR(l9i=0.0 
00 6029 1=1,NK 

800 

801 

802 
803 
810 

ED IT 1910. 

E0IT1920 

EDIT1930 
EDIT1940 
E0IT1950 
EDIT1960 
£0111970 
£0111980 
E0IT1990 
EDIT2000 
EDIT2010 
EDIT2020 

EDIT2040 
EDIT2050 

EDIT2060 
EDIT2070 
E0IT208Ü* 
EDIT2090 
EDIT2100 

EDIT2110 
EDIT2120 
E0IT2130 
EDIT2140 
EOIT2150 
EDIT2160 
EDIT2170 

EDIT2160 
EDir2190 
E0IT2200 
E0IT2210 
EDIT2220 
E0IT2230 
EDIT2240 
EDIT2250 
ED1T2260 
E0IT2270 
E0IT2280 

EDIT2290 
EOIT2300. 
E0IT2310 
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.   6029   P«n + i9i=PRU + lä)+AWKm 
PR(NK+20i=0.0 
PJUNK+21J=0.0 
WRTTE   l6,8116)PR0B,NC,T,ÜTNÄtTRA0fDTRAD,NR,Nl,N2, 

(6,Ö117)<PR(l)fI«lföJ 
(6461I8HPR(I)«I=9,12 
{6t8il9)RADfcß,RADERtRAD£T,UVMAX,ETH,ECK 
(6,9040|N109Nll,II,I2tI3,I4 
i6,8124i(IpAMK(U,PR(l#-I9)tPKaJ,0Kni,I = i, 
13Ü 

S P  SUBROUTINE ************************ 
6090 

C**** 
C 
C 
c«*** 
1000 
1030 

MRITE 
WRITE 
WRITE 
WRITE 
WRITE 
GO TO 
END Of 

1034 
1036 

1040 
1044 
1100 
1105 

1126 
1150 

C 
C 
1160 

1166 
1180 
1200 
1204 
1206 

1208 

1210 
1212 

1214 
1224 
1226 

PLOT ********************************* SUBROUTINE 
GO TO 1030 
WRITE C6fail6JPR0B,NC,T,0TNAfTRAO.0TRAD.NRtNl,N2,N3,N4 
JMAX=JMAX 
WRITE (6,830 7)Xl,X2,XMAX,Yl,y2,YUMAX) 
M=l 
IFUMAX-52) 1034,1036, 1036 
M=IABS(51-JMAXJ/2 
DO   1040   1=1tM 
WRITE   (6,8308) 
CONTINUE 
J=I2 
K=iJ-ii*IMAX+l 
DO 1180 1=1,11 
K=K+1 
REPLACE 600000000000 8y~17179869184 
PR(Ii=i-ABS<-17179869184)) 
IF CAMXU))9917,1166,1160 

X PARTICLE ONLY 
922 746880 

9227468801 ) 

E0IT232 
EDIT233 
E0IT234i 

N3,N4 E0äT235 
EDIT236 
EDIT237 
E0IT23e 
EDIT239i 

NK1J E0IT240L 
E0IT241i 

#****************EDIJ Z<tZ 
EDIT243 
EDIT24Ai 

7ti^^^^************EDlJ 2^5^ 
E0IT246( 

803306368 
8053063681 ) 

REPLACE 6700000000   BY 
PR(n=ORIPRU),  ABS! 
GO TO 1180 
REPLACE 6000000000   BY 
PRUJ=OR(PRU),  ABS! 
CONTINUE 
If (M0DU,5)) 1210,1204,1210 
IF(DY4J)-DYiJ-liJ1206,1208,1206 
WRITE (6,82lUDY<JJ,J,(PRm,l = l,Il) 
GO TO 1224 
WRITE l6,8201iJ,<PR(I),I=l,IlJ 
GO TO 1224 
If(DY(Ji-OY(J-ll)1212,1214,1212 
WRITE (6,8222)0YlJi,(PRm,I-=l,IU 
GO TO 1224 
WRITE (6,8202i(PR(n,I=lfU) 
J=J-1 
IF(J)1230,1230*1100 

EDIT247( 
EDIT248t 
EDIT249t 
EDIT250( 
E0IT251 
£DIT252i 
E0IT253( 
£DIT254i 
£DIT255( 
EC1T2561 
E0IT2571 
EDIT258t 
£DIT259i 
EOIT260i 
EDIT261 
EDIT262! 
EDIT263 
£DIT264i 
ED1T265 
EDIT266 
E0IT267 
EDIT266 
EDIT269 
EOIT270 
E0IT271 
E0IT272 
E0IT273 
ED1T274 
EDIT275 
E0IT276 
EDIT277 
E0IT278 
E0IT279 
EDIT280 
E01T281 
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1230 

1240 
C**** 
C 
C 
c**«* 
5000 
5004 

REPLACE 604000000000 BY-17716740096 
P«U)=(-ABS^-17716740096J) 
WRITE (6,82üllJ,(PRm,I = UIU 
WRITE 16,83021(1,1=0,1MAX,Si 
GO TO 132 

E0IT2820. 
ED1T2830 
EDIT2840 
EDIT2850 
E0IT2860 

END OF  PLOT  SUBROUTINE ♦♦♦«♦♦♦♦♦♦«♦♦♦♦♦♦♦«♦♦♦««*«M*«««4**«**^«EDIT2870 
E0IT2880 
EOIT2890 

SUBROUTINE L P *****#******#*»»****«*******^*»»*************»*****E01T2900 
WRITE i6,8116)PR08,NC,r,DTNAtTRA0,DTRAD,NR,NltN2,N3,N4 
00 5050 1=1,11 
CALL SL1TE 14) 
J=I2*l 
K=12*IMAX+1+1 
00 5046 L=1,I2 
J=J-l 
K=K-1MAX 

5012 1F(AMX(KJ)9917,5046,5014 
5014 CALL SLiTET(4,K000fX) 

GO TO«5016,5019),KOOOfX 
5016 WRITE l6,8135)lfXUI,DX(n 

C     WS= DENSITY Of CELLIXI IN GRAMS/CM. CUBED. 
5019 ttS=AMX(Kl/ITAUUI*DYU)) 

C     WSA= COMPRESSION = RHO/RHO NOT. 
WSA=WS/2I111J 

C     WSC=PR£SSUR£ 
WSC=P(KJ 

C    FIRST COLUMN= 
C     SECOND COLUMN 
C    OR  CM./SH. 
C     THIRD COLUMN = AXIAL VELOCITY = V CM./SEC 
C    OR  CM./SH, 
C     FOURTH COLUMN = PRESSURE = F/A ERGS/(CM. CUBEOi 
C     OR  JERKS/(CM.CUBEOI 
C    FIFTH COLUMN = AMX = MASS IN GRAMS. 
C     SIXTH COLUMN = RHO = DENSITY IN GRAMS/CC. 
C     SEVENTH COLUMN=SPECIFIC INTERNAL ENERGY IN ERGS/GRAM 
C     OR  JERKS/GRAM 
C     EIGHT COLUMN = COMPRESSION = RHO/RHO NOT 
C    NINTH COLUMN = Z VALUE (CM.) OF TOP OF CELL) 
50180WRITE 16,81081J,U(Ki,V(K),WSC,AMX(K1V 

1WSA,Y(J) 
5046 CONTINUE 
5050 CONTINUE 

GO TO 136 

ED1T29I0 
E0IT2920 
EDIT2930 
EDIT2940 
E0IT2950 
E0IT296O 
EDIT2970 
E31T2980 
EDIT2990 
E0IT3000 
EDIT30101 

EDIT3020 

EDIT3030' 

E0IT3040 

4J) THE ROW NO. 
= RADIAL VELOCITY = U CM./SEC 

WS,AIXiK),£0IT3060 
EDIT3070 
EDIT3080 
EDIT3090 
EDIT3100 

C 
C 
C 
9901 

END OF  L P  SUBROUTINE »♦*********»**«*«*«***«*«**»**********»**EDIT3110 
EDIT3120 
EDIT3130 

ERROR EDIT3140- 
NK=110 EDIT3150 
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GO TO 9999 

9905 NK=136 
GO TO 9999 

9917 NK=6015 
GO TO 9999 

9920 NK=904 
GO TO 9999 

9921 NK=912 
GO TO 9999 

9922 NK=918 
GO TO 9999 

9923 NK=9r2 
GO TO 9999 

9924 NK=926 
9999 NR=6 

CALL DUMP 
RETURN 

ENERGY CHECK 

NEGATIVE MASS 

10000 
C 
C 

8108 
FORMATS 

FÜRMAT<I3,lX,lP2E14.6,3fcl5,6,ei4,6.E15, 
" 8U60FORMAT(8HlPROBLEM6Xt5HCYCLE9X,4HTIME13X 

12X,2HNR6X,2HN14X,2HN24Xf2HN34X#2HN4/(F7 
2161) 

• 8il70F0RMÄTIlHO//l7X2HAii6X,2HAKl4Xf5HAI*AKl 
1H     X4X,4E18.7) 

81180F0RMAJ(12X,i3H 5X,13H  
1X,13H /7H   T0rALSlP4E18.7) 

81190FORMAT<2H0   //16X,5HRA0£813X,5HRA0£R13X, 
lH£l2Xf9HREL   ERR0R/7X, 1P6E18.,7////J 

8120 fORMAT(lH0//21H   TAPE   7  DUMP   ON  CYCLEIS/ 
81240FQRMAIi3H     K12Xt5HAMJKUiX,9HSUM  AMiK)l 

iiP4E18.7iJ 
8131  FORMATCIH   ///11H  OYU)   J=l, i2//i 10F12.3 
8133   FORMATMH   ///11H     Y(J)   J=0,12//C 10F12.3 
81350FaRMATUH   ///4H   I   =I3,6X,6HXCI)   =F12.3, 

11HX13X,lHY13X,3htf:/A12Xt3HAMX12X,3HRH011 
8201 F0RMATU10,2H   I54A2) 
8202 F0RMATH0X,2H   I54A2J 
8211   FCKMAT1F7.1,I3,2H   I54A2J 
8222   FORMAT(F7<,ls3X,2H   I54A2J 
8302   F0RMATU12,10110J 
Ö3070FOftMATr5H   XI   =1PEJ.2.6,3X,4HX2   =E12,6,3X 

1«6,3X,4HY2   =E12.6,3X,6HyMAX   =£12.6) 
8308  FORMATUH  /) 
9040   FORMATUH   /   6I6i 

END 

6,£14.6) 
,2HDT13X,4 
.1«I11,2X, 

5Xt2HAM/4H 

 5X, 

5HRAOET12X 

///) 
1X,4HP(K)1 

)) 
)) 
6X,7H0X(IJ 
X>3HA1X12X 

,6HXMAX =£ 

EDIT316 
ED1T317 
E0iT318 
EDIT31S 
EDiT320 
EDIT32i 
EDiT322 
EDIT323 
EDiT324 
E0IT325 
E0IT326 
EDIT327 
EDIT328 
EDIT329 
EDIT330 
feOIT33I 
EDIT332 
E0IT333 
ED1T334 
ED IT335 
EDiT336 
E0IT337 

HTRA011X,5HDTRA01£0IT338 
lP4E16.7tI10,2X,4E0IT339 

EDIT340 
00T3X,1P4£18.7/3£0IT341 

EDIT342 
13H SEDIl 343 

EDIT344 
,7HMAX V£L13Xf3HT£DIT345 

E0IT346 
EDIT347 

3Xf4HQ<K)/(I3,4XfEDiT348 
EDIT349 
EDIT350 
E0IT351 

=F12.3//3H  J8XtEDlT352 
,4HC0MPllXf2H Y/)E0IT353 

EDIT354 
EDIT355 
E0IT356 
EDIT357 
EDIT358 

12.6f6Xf4HYl =£12EDIT359 
EDIT360 
EDIT361 
ED1T362 
EDIT363 
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C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
f. 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

JflFTC PH3     ..S  0£CK,R£F 
SUBROUTINE Ph 
NOTE» THIS CO*.. IS CALLED «PM, 
RIGID PLASiIC MATERIAL. 
♦** NOTE, BOUNDARY CONDITIONS *** 
AT FREE SURFACE «GRID BOUNOARYJ SET 
THE STRESS AT THE RIGHT. TOP OR BOTTOM 
= TJ THE STRESS AT THE LEFT, BOTTOM OR 
TOP RESPECTIVELV, INSURING THAT THE 
ACCtLERATION OF THE BORDER CELLS BE 
ZERO. 
FOR AXIS OF SYMMETRY, SET THE NORMAL 
AND SHEAR STRESSES TO 0. SINCE REGARDLESS 
OF MANNER OF COMPUTING THEM, THE AREA 
OVER WHICH THEY AC! IS ZERO. 
FOR REFLECTIVE BOUNDARIES AT THE BOTTOM 
OR XN THE GRID, USING THE BOTTOM AS 
A EXAMPLE, SET UIBOTTOM) = UIKJ BUT 
SNT=NORMAL STRESS AT THE TOP OF 
A CELL. I THE ARRAY=ASN(I))• 

STT^SHEAK STRESS AT VHE TOP OF 
A CELL- (THE ARRAy=ASTII)I. 

STR=SHEAR STRESS AT THE RIGHT OF 
A CEL1.. (THE ARRAY=RST( I+i)). 

SNR=NORMAL STRESS AT THE RIGHT OF 
A CELL. (ThE ARRAY=RSNU+1J ) . 

SNB=NOP.MAL STRESS AT THE BOTTOM OF 
A CELL. (THE ARRAY=ASN8<I>). 

STB=SH£AR STRESS AT THE BOTTOM OF 
A CELL. (THE ARRAY=ASTB(IJ). 

SNL=iNORMAL STRESS AT THE LEFT OF 
A C<ELL. (THE ARRAY=RSN( I J J . 

STL=SH£AR STRESS AT THE LEFT OF 
A CELL. (THE AÄRAY=RST(liI. 

ODVK=HOOP STRESS OF A CELL (ARRAY=SIG33(Ui 

X1=UOOT OF A CELL, 1ARRAY=OUOOT(IJ 

X2=VD0T OK A CELL, (ARRAY=OVDOT(i) 
SIGC(I}=UiK BELOW! 
GAHCm=V(K BELOW) 
FEF IS A FLAG TO BYPASS THE STRENGTH 

PH3 0000 
PH3 0C35 
PH3 0010 
PH3 0015 
PH3 0020 
PH3 0025 
PH3 0030 
PH3 0035 
PH3 0040 
PH3 0045 
PH3 0050 
PH3 0055 
PH3 0060 
PH3 0065 
PH3 0070 
PH3 0075 
PH3 0085 
PH3 0090 
PH3 0095 
PH3 0100 
PH3 0105 
PH3 0110 
PH3 0115 
PH3 0120 
PH3 0125 
PH3 0130 
PH3 0135 
PH3 0140 
PH3 0145 
PH3 0150 
PH3 0155 
PH3 0160 
PH3 0165 
PH3 0170 
PH3 0175 
PH3 0180 
PH3 0185 
PH3 0190 
PH3 0195 
PH3 0200 
PH3 0205 
PH3 0210 
PH3 0215 
PH3 0220 
PH3 0225 

PH3 0240 
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c CALCULATIONS 
VSAVE=VT 
lRFEfm78, 7779,77 70 

c NOTE, C1EAR THE PRESSURE ARRAY. 
7/79 DO 9600 K=2fKMAX 

P{KJ=0o 
9600 CONTINUE 

WS=I3 
DTr=DT 
DT=DT/HS 

C BIG^OV/OZ  CKIT 
BiG=DVK^DT*TABLM 

c PROVISIüNS fÜR SUBCYCLINÜ THE STRENGTH 

c 
c 

DO 9000 NN=1,I3 

NOTE, SET THE FLAGS FOR INCREASING THE 
c ACTIVE GRID COUNTERS TO 0. 

PH3 024 

PH3 023 

NRC=0 
NRT=0 
SUM=0. 

C 
C 
C 
C 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 
c 
c 

i DO 3302 J=1,I2 

NOTE, SET UP DO LOOP IN J DIRECTION FIRST, NOTE 
THAT 12 IS THE LIMIT, NOT JMAX 

2 K=«J~U*IMAX*2 
N=K*IMAX 

NOTE, K IS THE INDEX OF CELL IN QUESTION, N 
IS THE INDEX OF CELL ABOVE. 

***, NOTE, THE STRESSES AT THE AXIS OF SYMMETRY 
ARE SET TO 0. SINCE REGARDLESS OF MANNER OF 
CALCULATION, THE AREA IS 0. 

3 SNL=0o 
STL=0« 

SET UP DO LOOP IN THE I DIRECTION, NOTE THAT 
11 IS THE LIMIT, NOT IMAX. 

<i   00 3361 1=1,11 

AMDM= FACTOR FOR STRESS CUTOFF ON THE BASIS OF 
THE DENSITY BEING LESS THAN  AMDM X THE INITIAL DENSITY 

CHECK FOR RAREFIED MATERIAL IN CELL (K) 
40 IF<AMX(K)/(TAU(I)*DYIJJ)-AMDM*Z(115J)3340,3340,38 
38 IFIJ-U720,?20,72i 

PH3 026 
PH3 026 
PH3 027 
PH3 027 
PH3 02fc 
PH3 028 
PH3 029 
PH3 029 
PH3 030 
PH3 030 
PH3 031 
PH3 031 
PH3 032 
PH3 032 
PH3 033 
PH3 033 
PH3 034 
PH3 034 
PH3 03b 
PH3 03b 
PH3 036 
PH3 036 
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C 
C 
c 

c 
c 
c 

c 
c 
c 

c 
c 

c 
c 

c 
c 
c 
c 

721 KBLO=   K-IMAX 
IF(AMX(KBLO)/<IAUU)»0Y(J-lJ)-A«OM*/.(ll5) J722t722,720 

722 ODVK=C. 
GO  TO 3306 

720  VT=CK 
11 = 1 
JN=J 

CHECK  FOR   ID   PROBLEM 

IFUMAX-l)39,810,39 
SET  HOOP  STRESS   TO ZERO 

810  DDVK-O. 
GO  TO 3306 

NOW ME WILL SET INDICES FOR A HOOP 
STRESS CALC. OR A ECAL. 

39 IF(J-l)9908t41,47 

WE   ARE   2N   THE  BOTTOM  ROM 

41 KA=N 
KB=K 
VV=1, 

42 IFU-iJ 9907,43,44 

HE ARE IN THE LOMER LEFT CORNER 
43 KL=K 

KR=K+i 
F0=1. 
E=U 
GO TO 100 

44 IFU-IMAX)46,45,9903 

ME ARE IN THE LOMER RIGHT CORNER 
4f» KR=K 

KL=K-1 
E=l. 
FD=1, 
GO TO 100 

WE ARE IN BOTTOM ROM, BUT NOT AT 
AXiS OR RIGHT BOUNDARY OF GRID. 

46 KR=K+1 
KL=K-1 
E=l. 

PH3 0375 

PH3 0385 
PH3 0390 
PH3 0395 
PH3 0400 
PH3 0405 
PH3 0410 
PH3 0425 
PH3 0430" 
PH3 0435 
PH3 0460 

PH3 
<• 

0450 
PH3 0455 
PH3 0460 
PH3 0465 
PH3 0470 
PH3 0475 

PH3 0485 
PH3 0490 
PH3 0495 
PH3 0500 
PH3 0505 
PH3 0510 
PH3 0515 

PH3 0525 
PH3 0530 
PH3 0535 
PH3 0540 
PH3 0545 
PH3 0550 
PH3 0555 
PH3 056a 
PH3 0565 
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FD=lo PH3 057C 
GO TO 100 KH3 057^ 

C PH3 058 
C     NOT IN BOTJCM ROW PH3 05Ö 

47 IHJ-JMAXJ 54,48,9903 PHS 059 
C PH3 059 
C     W£ ARE IN THE TOP ROH PK3 060 

48 KA=K PH3 060 
KB=K-IMAX PH3 061( 
UÜU=lo 
VV=1» PH3 062i 

49 iFU-l)9907,50851 PH3 062 
C PH3 063' 
C     Ut   ARE IN UPPER LEFT CORNER PH3 063 

50 KR=K*1 PH3 064. 
Ki.=K PH3 064 
FD=1. 
E=l. PH3 065' 
GO TO ICO PH3 066« 

51 IF(I-IMAXI53,52,9903 PH3 0661 

C PH3 067( 
C     ME ARE IN UPPER RIGHT CORNER PH3 067' 

52 KR=K PH3 068t 
KL=K-1 PH3 0681 

E = l. 
F0=i. PH3 069' 
GO TO 100 PH3 070( 

C PH3 070 
C     WE ARE AT THE TOP, BUT NOT AT PH3 07U 
C     THE AXIS OR RIGHT BOUNDARv OF GRID PH3 071 

53 KR=K+1 PH3 072 
KL=K-1 PH3 072 
E=U PH3 073 
FD=1. PH3 073 
GO TO 100 PH3 074 

C PH3 074 
C     WE ARE NOT AT THE TOP OR BOTTOM, PH3 075 
C     CHECK OUR POSITION WITH RESPECT TO THE                            PH3 075 
C     AXIS AND RIGHT BOUNDARY OF GRID.                                  PH3 076 

54 VV=i<. PH3 076 
KA=N PH3 077 
K8=K-1MAX PH3 077 
UUU=1« PH3 078. 

55 lFn"i)9907,59,56 PH3 078 
C PH3 079 
C     WE ARE ALONG THE AXIS PH3 079 

59 KL=K PH3 080 
KR=K-i-i PH3 080 
E=lo PH3 081 
FD=1. 
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GO TO 100 PH3 0820 
56 IFU-1MAXJ58,57,9903 PH3 0825 

C PH3 0830 
C     WE ARE ALONG THE RIGHT BOUNDARY Of CRIO PH3 0835 

57 KR^K PH3 0840 
KL=K-1 PH3 0845 
Eal. 
FD=1. PH3 0855 
GO TO 100 PH3 0860 

C PH3 0865 
C     WE ARE IN THE MESH, NOT AT ANY BOUNDARY PH3 0870 

58 E=i, PH3 0875 
fO=l. PH3 0880 
KR=K+1 PH3 0885 
KLsK-1 PH3 0890 
GO TO 100 PH3 0895 

100 IFIVTUC2,101,102 
C     CALCULATE THE HOOP STRESS FOR CELL K. 

101 CALL HOOP PH3 0905 
GO TO 3306 PH3 0910 

C     CALCULATE THE CHAN c IN INTERNAL ENERGY 
C    DUE TO THE WORK DONE BY THE STRESSES. 

102 CALL ECALC PH3 0915 
GO TO 801 PH3 0920 

C PH3 0935 
C PH3 0940 
C     CELL K IS VOID, SET ALL 9 PH3 0945 
C     STRESSES TO ZERO. »♦*♦♦**♦»*♦♦»♦♦♦*♦♦* PH3 0950 
C PH3 0955 
3340 SNT=0. PH3 0960 

STT=0. PH3 0965 
SNL=0. PH3 0970 
SNR=0. PH3 0975 
STL-O. PH3 0980 
STR=0. PH3 0985 
SNB=0. PH3 0990 
STB=0. PH3 0995 
ODVK-O. PH3 1000 
X1=0. PH3 1005 
X2-0. PH3 1010 
60 TO 3326 PH3 1015 

C PH3 1020 
C     RETURN TO HERE AFTER CALCULATING THE PH3 1025 
C     HOOP STRESS PH3 1030 
3306 lF(IMAX~I)9901,33il»3310 PH3 1035 

C     CHECK FOR RAREFIED MATERIAL  IN THE CELL TO THE 
C     RIGHT. 
3310 IF(AMX(K+li)9902,3312ff4000 
4000 IF(AMX(K*li/(TA0(I*ll*DYUn-AMDM*Z(115))3312,3312,14 

C PH3 1045 
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C     HE ARE AT THE RIGHT BÜUNÜARY Of GRID 
C     SEI THE STRESSES UN THE RIGHT = TO 
C     THOSE ON THE LEFT 
3311 SNR=SNL 

SrR=STL 
GO TO 3J16 

C 
C 
C     THE CELL TO THE RIGHT OF CELL K IS VOID. 
C     SET THE STRESSES ON THE RIGHT TO 0. 
C 
3312 SNR=0. 

SIR=0. 
ODVK^C. 
S1=0. 
S2=0. 
S3=G. 
S4=0. 
S5=0. 
GO TO 3316 

C 
C     WE ARE PREPARING TO CALCULATE THE STRESSES 
C     A? THE RIGHT OF THIS CELL, 
C     WE ARE NOT AT 1MAX, BUT MAY BE AT J=l 
C     OR J=JMAX OR IN THE MESH. 
C 

14 KR=K+1 
11=1 
JN=J 
IF(J-lJ990at2ä,27 

C 
C     NOT IN BOTTOM ROW 

27 IF(J-JMAXJ33,32,9903 
C 
C     WE ARE IN TCP ROW 

32 KA=K 
KAR=KR 
Kfl=K-IMAX 
K8R«KB+l 
UUU=1. 
VV=lo 
GO TO 31 

C 
C     WE ARt INSIDE THE MESH. 
C     NOTE, THE SPECIAL BOUNDARY CONDITIONS 
C     FOR EMPTY CELLS ADJACENT TO CELL K. 

33 KB=K-IMAX 
723 KBR=KB+1 
724 1F(AMX(KBU725,725.726 
725 KB=K 

PH3 105 
PH3 105 
PH3 106 
PH3 106 
PH3 107 
PH3 107 
PH3 ioe 
PH3 108' 
PH3 109t 
PH3 109^ 
PH3 110( 
PH3 110 
PH3 lilt 

PH3 111 
PH3 112( 
PH3 1121 

PH3 113( 
PH3 113^ 
PH3 114C 
PH3 114^ 
PH3 1151 

PH3 1151 

PH3 116( 
PH3 116 
PH3 117( 
PH3 117 
PH3 116 
PH3 118 
PH3 119 
PH3 119 
PH3 120 
PH3 120 

PH3 121 
PH3 122 
PH3 122 
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C 
c 

c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

726 IFUMXiKBRU 727,727,730 
727 KBR=K*1 
730  VV=l. 

KA«fl 
KAR«KA+i 
GO TO 31 

k£ ARE IN THE BCTTÜM ROM. 
28 KB=K 

K6R-KR 
KA-N 
KAR«N*1 
UUU-l. 

31 CALL GRAOR 

CALCULATE THE VELOCITY GRADIENTS AT THE 
RIGHT 

29 CALL   STRESR 

CALCULATE THE NORMAL AND SHEAR STRESS 
AT THE RIGHT. 

30 CONTINUE 

OONT PUT THE INDIVIDUAL STRESSES INTO 
ARRAYS UNTIL LATER. 
GO TO 3316 

C 
C 
C 
C 
c 
c 

3316 IFIJMAX-J)9903,3315,3320 

WE ARE AT THE TOP OF THE GRID, SET THE 
STRESSES AT THE TOP = THOSE AT BOTTOM OF 
THE CELL. 

C 
C 
c 
c 

3315 SNT-ASNd) 
STT*ASTiIJ 
DDVK*0. 
GO TO 3325 

ME ARE NOT AT THE TOP OF THE GRID. 

CHECK FOR RAREFIED MATERIAL IN CELL ABOVE. 
3320 IFIAMXIN)J9904,3322,4010 
4010 IF(AMX{N)/(TAUm»DY(J+U)- \MDM*ZC 1151) 3322,3322, 12 

C 
C 
c 

THE CELL ABOVE CELL IK) IS VOID 
SET THE STRESSES ABOVE TO 0. 

3322 SNT=0. 

PH3 1240 
PH3 1245 
PH3 1260 
PH3 1265 
PH3 1270 
PH3 1275 
PH3 1280 
PH3 1285 
PH3 1290 

PH3 1300 
PH3 1305 
PH3 1310 
PH3 1315 
PH3 1320 
PH3 1325 

PH3 1330 
PH3 1335 .c 
PH3 1340 c 
PH3 1345 c 
PH3 1350 I 
PH3 1355 f 

PH3 1360 
PH3 1365 
PH3 1370 
PH3 1375 
PH3 1380 
PH3 1385 
PH3 1390 
PH3 1395 
PH3 1400 
PH3 1405 
PH3 1410 c 
PH3 1415 c 

PH3 1420 
PH3 1425 
PH3 1430 
PH3 1440 

PH3 1445 
( 
c 

PH3 1450 
PH3 1459 • 

PH3 1460 c 
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STT=0. PH3   146 
O0VK=0. 
S6=0, 
S7=0, 
38=0. 
S9»0. 
S10«0. 
GO   TO   3325 PH3   147. 

C PH3   147^ 
C PH^   U8( 
C hf   MILL   CALCULATE   THE   VELOCITY PH3   148 
C GRADIENTS   AND  SfKESSES   AT   THE   TOP  OF PH3   149 
C THE   CELL. PH3   149 
C PH3   150* 
C WE  ARE   NUT   AT   THE   TOP{J=JNAXI PH3   150 
C PH3   151i 

12   KA=N PH3   151 
n»i 
JN*J 

21   IF(l~iJ9907,15,l6 PH3 152 
16 IFU~IMAXJ18,17,9901 PH3 152 

C PH3 153( 
*C INSIDE   THE   MESH PH3   153^ 

C NOTE   THE   SPECIAL   BÜUNOARY   CONDITIONS 
C FOR   EMPTY   CELLS   ADJACENT   TO  CELL  K, 

« 18   KAR=KA-H 
KR=K*1 

732 IF(AMX(KAR))733,733,734 
733 KAR=KA 
734 IF(AMXIKRil735,735,736 
735 KR=K 
736 UUU=1. 

VV=1. PH3   154 
KL=K-1 PH3   156 
KAL=KA-1 PH3   156 
GO  TO   24 PH3   157 

C PH3   157 
C ALONG  THE   RIGHT   BOUNDARY PH3   158 

17 KAR=KA PH3 156 
KR=K PH3 159 
KAL=KA-1 PH3 159 
KL-K-1 PH3 160 
UUU=1. PH3   160 
VV = le 
GO   TO   24 PH3 161 

C PH3 162 
C              ME   ARE  ALOM THE   AXIS                                                                                                                       PH3 162 

15  KL=K PH3 163 
♦                 KAL=KA PH3 163 
Q ••••«f It«! «•If« l(t«tlll,,«l< I ••«•«*•••• l«t«*li, 
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C 
C 

CHECK  FOR   IX)   PROBLEM 

C 
C 
c 

c 
c 

812 

811 

813 

24 

25 

26 

If(1HAX-I)811t812t811 
KARsKA 
KR-K 
ÜÜU-U 
GO TO 813 
KAR»KA*1 
KR*K»1 
UUU«1. 
VV=1. 

CALCULATE THE VELOCITY GRADIENTS AT 
THE fOP OF THE CELL, 
CALL 6RADZ 

CALCULATE THE STRESSES. 
CALL STRESZ 

CONTINUE 
GO TO 6999 

C 
C 
C 
C 

c 
c 
c 
c 

c 
c 
c 

ARRIVED HERE AFTER COMPLETION OF THE 
CALCULATION OF THE STRESSES AT THE TOP. 

6999 IFU-JI3325,7001,9908 

WE ARE IN THE BOTTOM ROM, NOW 
CHECK THE BOUNDARY CONDITION AT THE BOTTOM. 

7001 I"(CVI5J7003,7002,7002 

BOTTOM BOUNDARY IS REFLECTIVE 
7002 SNB«0. 

SIB*0. 
GO TO 3325 

C 
c 
c 
c 
c 
c 

c 
c 
c 

BOTTOM BOUNDARY IS TRANSMITTIVE, SET THE 
BOTTOM STRESSES TO THE TOP CWE JUST 
FINISHED CALCULATING THEM). 

7003 SNB=SNT 
SIB^STT 
GO TO 3325 

NOW, WE HAVE ALL THE STRESSES OF CELL K 
THUS WE CAN CALCULATE U DOT AND VDOT. 

3325 CONTINUE 

PH3 1645 

PH3 1660 
PH3 1665 
PH3 1670 
PH3 1675 
PH3 1680 
PH3 1685 
PH3 1690 

PH3 1695 
PH3 1700 
PH3 17C5 
PH3 1710 
PH3 1715 
PH3 1720 
PH3 1725 
PH3 1730 
PH3 1735 
PH3 1740 
PH3 1745 
PH3 1750 
PH3 1755 
PH3 1760 
PH3 1765 
PH3 1770 
PH3 1775 
PH3 1780 
PH3 1785 
PH3 1790 
PH3 1795 
PH3 1800 
PH3 1805 
PH3 1810 
PH3 1815 
PH3 1820 
PH3 1825 
PH3 1630 
PH3 1835 
PH3 1840 
PH3 1845 
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.  300 CONTINUE PH3 l& 
JN=J 
11 = 1 

C PH3 lb 
C     CALL OELIAUiCOMPUIES UDOT) PH3 18 

inj-l)310,310,311 PH3 lb 
311 STB=ASTtii PH3 18 
310 CA1L OELTAU PH3 18 

C PH3 18 
301 CONTINUE PH3 18 

C     NOW CA11. OELTAViCOMPUTES VDOT) PH3 18 
302 CONTINUE PH3 18 

IF(J~IJ312,312,313 PH3 19 
313 SNß=ASNtU PH3 19 
312 CALL DELTAV PH3 19 
303 CONTINUE PH3 19 

C PH3 19 
C     BY NOW WE HAVE THE ACCELERATION PH3 ' 
C     (BOTH COMPONENTS) OF CELL K DUE TO PH3 Iv 
C     THE STRESSES, PH3 19 

304 If(1-1)9907,3326,305 PH3 19 
305 IF(I-IMAXJ306,3326,9901 PH3 19 

'C PH3 19 
C     //////////////////////////////////////////////// 
C     CHECK FOR OVERSHOOT IN THE RADIAL DIRECTION. PH3 19 
-C     AT THE LEFT INTERFACE OF CELL(KJ, 
C     //////////////////////////////////////////////// 
C     CALCULATE DELTA U AT CYCLE N/ PH3 19 
C     DELTA UDOT AT CYCLE N+l PH3 19 

306 HS=-iUm-U(K-in/lXl-DUDOTU-ll) PH3 19 
307 IFIWS)450,308,308 PH3 19 
308 IFC0T-WSi450.309,309 PH3 19 
450 UPR=0. PH3 19 

GO TC 400 PH3 19 
C PH3 19 
C     CHECK IF WS IS BETWEEN 0. AND DT PH3 20 
C     IF LESS THAN ZERO» BYPASS CHECK. PH3 20 
C     IF IT IS LESS THAN DT, REDUCE THE PH3 20 
C     STRESSINORMAL)BY THE RATIO WS/DI. PH3 20 

309 WS=WS/DT PH3 20 
SNL=SNL*WS PH3 20 
UPR=-i. PH3 20 

C PH3 20 
C     CHECK THE OTHER COMPONENT. PH3 20 

400 WS=-(V<K)-V(K-1))/CX2-DVD0T(I-1H PH3 20 
C PH3 20 
C     NOW CHECK THE SIGN AND MAGNITUDE WITH PH3 20 
C     RESPECT TO OT(HYDRÜ). PH3 20 

»  401 IFCWS)501,408,408 PH3 20 
C PH3 20 
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c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

408 

501 

409 

500 

9601 
9603 

9602 
9605 

9604 

C 
C 
3326 
3328 

640 

641 

C 
c 
c 

IF(-U8YPASS CHECK 
IF GREATER   THAN  0.  CHECK  AGAINST  0T 
IFiOT-MSI501,409,409 

IFtGREATERiBYPASS CHECK 
UPZ=0. 
GO TO 500 
WS=WS/DT 

STRESS AT THE RIGHT REDUCE SHEAR 
BY WS/DT 
STL=STL*WS 
UPZ=-U 

IF P1K)=0. NO OVERSHOOT IN EITHER 
COMPONENT. 
IF P(K)=-l. THE SHEAR STRESS «AS 
H00IF1ED. 
IF P(Ki=l. THE NORMAL STRESS HAS 
MOOIFIEO. 
IF P(KJ=2. BOTH OF THE STRESSES 
REQUIRED MODIFICATIONS. 
CONTINUE 
IF (UPRi 960,1*9602 «9602 
IFtUPZi9603,9604,9604 
P(K-1J=2. 
GO TO 3326 
IFtUPZJ9605,3326,3326 
p(K-ii=-i. 
GO TO 3326 
P(K-1J=1.0 
GO TO 3326 
*«»«** NOTEi WE ONLY SET THE COMPLETE ARRAY FOR THE 
FIRST ROW **»*****»**♦ 
IFU-1) 9902,3328,601 
ASWm-SNT 
AST«I)=STT 
RSN(I}=SNL 
RSN(I+1)=SNÄ 
RST{I+i)=STR 
ASN6(n=SNB 
RSTUi=STL 
ASrBtI)=STB 
SIG33{n=O0VK 
DUD0TU)=X1 
DV0OTUI=X2 

SET THE RIGHT STRESSES FROM CELL (K) TO 
« THE LEFT STRESSES FOR CELL IK*1J. 
SNL=SNR 

PH3 2080. 
PH3 2085 
PH3 2090 
PH3 2095 
PH3 2100 
PH3 2105 
PH3 2110 
PH3 2115 
PH3 2120 
PH3 2125 
PH3 2130 
PH3 2135 
PH3 2140 
PH3 2145 

PH3 2435 
PH3 2440 
PH3 2445 
PH3 2450 
PH3 2455 
PH3 2460 
PH3 2465 
PH3 2470 
PH3 2475 
PH3 2480 
PH3 2485 
PH3 2490 
PH3 2495 
PH3 2500 

PH3 2505 
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STL=STft PH3  25 
GO  TO  3360 

C PH3  25 
C            //////////////////////////////////////////////// 
C            CHECK  FOR   OVERSHOOT   DUE   TO  STRESSES PH3  25 
C             AT   THE   TOP   OF   CELUK-IMAX)   OR 
C             THE   BOTTOM  OF   CELUKK 
C ////////////////////////////////////////////•//// 
£             *««««««»« PH3   25 
C             CAME   HERE   AFTER  CALCULATING   A  CELL   IN   A PH3  25 
C            ROW   DIFFERENT   THAN  FOR  J=l      . PH3   25 
Q             «*«»****«« PH3   25 

601 KRM=K-IMAX PH3 25 
IF<AMX<KRM)/ITAUni*DY<J-l)J-AMOM*Ztll5J)90l,90lf602 

C             «««»««»««« PH3  25 
C     KRM=INiJEX OF CELL BCLOW ^  PH3 25 
Q     ««**»««««# PH3 25 

602 kS=-tUm-LMKRM))/(Xl-DU0OTmj PH3 25 
C     ♦♦♦*♦»»♦# PH3 25 
C     REMEMBER, THE STRESSES,UOOT.VOOT, AND PH3 25 
C     HOOP STRESS FOR CELL K HAVE NOT BEEN PLACED PH3 25 
C     IN THE ARRAY. PH3 25 
C     **«*»«**»«* PH3 26 

603 1F{WS)604,605,605 PH3  26 
605 IF<üT-klS)604,606,606 PH3   26 

•  604 UPR=0a PH3 26 
GO TO 607 PH3 26 

Q     «»*««««««♦ PH3 26 
C     REDUCE THE SHEAR STRESS ON THE TOP PH3 26 
Q             ********** PH3 26 

606 HS-WS/DT nH3 26 
ÄSTm = ASTU)*WS J'H3 26 
UP«=-l. PH3 26 

C     CHECK OTHER COMPONENT PH3 26 
607 WS=-f V(Kl-ViKRMn/iX2-0VD0niJ) PH3 26 
608 IF(WS)6I^,6i5,615 PH3 26 
615 IF<DT-WSi614f616t616 PH3   26 
614   UPZ=0. PH3   26 

GO   TO  617 PH3   26 
Q             *********** PH3   26 
C            REDUCE   THE   NORMAL   STRESS ON   THE   TOP PH3   26 
£             t.********* PH3   26 

616 WS=WS/DT PH3 27 
ASNCn=ASN(IJ*ttS PH3 27 
UP2=-1. PH3   27 

Q             *********** PH3  27 
C     SET INDICES FOR CELL BELOW FOR POSSIBLE UPDATING PH3 27 
C     OF UDOT AND VDOT PH3 27 
.£     *********** PH3 27 

617 KK=K PH3 27 
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KKK=N 
K-K-IMAX 
N=KK 
11=1 
JN=J-l 

SAVfc THE STRESSES OF CELL K 
:     TEMPORARY. 
C 

SNB=ASNU) 
STB=ASrn) 
PK(1J=SNB 
PK(2J=Sia 
PKJ3)=STR 
PK(4J=SNR 
PK(3J=SNT 
PK(6)=SrT 
PK(7J=SNL 
PKi8J = Si"L 
PK(9)=0DVK 
PK(10J=X1 
PKU1) = X2 

C NÜW   SET   STRESSES  FROM   K-IMAX 
C THE   CQRRECr   STORAGE   FOF.   THE 
C SUB-ROUTINES- 

626   S.N8=ASNB(I) 
STB=ASTB(ii 
ST^RSTU + U 
SNK=RSNU + 1) 
SNT=ASN(U 
STT=ASTU) 
iNL=RSN<I) 
iTL=RSTUJ 
DDVK=S][G331U 
Xl=DUDOTUi 
X2=OVDüTm 

620   IFiäJPZ)624,970Cj5700 
624   CALL   DELTAV 

GO  TO   9702 
9700 IFCP(Ki-lo)9710,9701,9710 
9710 IriPCK))624,9701.624 
9701 CONTINUE 
9702 IFiUPR)9703,9704.9704 
9703 CALL DELTAU 

GO TO 9705 
9704 IFtP(KJ~l.)9705,9703,9703 
9705 CONTINUE 
62i   IF(J-2}800,650,651 
650   SIGC(n=U/K) 

GAMC(n=VJKJ 

INTO 

PH3 2740. 
PH3 2745 
PH3 2750 
PH3 2755 
PH3 2760 
PH3 2765 
PH3 2770 
PH3 2775 
PH3 2780 
PH3 2785 
PH3 2790 
PH3 2795 
PH3 2800 
PH3 2805 
PH3 2810 
PH3 2815 
PH3 2820 
PH3 2825 
PH3 2830 
PH3 2835 
PH3 2840 
PH3 2845 
PH3 2850 
PH3 2855 
PH3 2860 
PH3 2865 
PH3 2870 
PHI 2«75 
PH3 2880 
PH3 2885 
PH3 2890 
PH3 2895 
PH3 2900 
PH3 2905 
PH3 2910 
PH3 2915 
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651 

C 
C 

C 
C 

800 

803 

802 

C 
c 
c 

801 
m      670 

700 

.  656 
C 

805 

652 
654 

C 
C 
c 
c 

653 

657 
658 

660 

AROUND TO CALCULATE 
INTERNAL ENERGIES. 
COMPONENT, AND AXIAL 

GO   TO   800 
KBB=K«1MAX 
*SÜ=UIKBB) 
WSV=V(KBB) 
UlKBBi^SIGCUl 
V<KBbi=GAMC(II 
SET  FLAG   TO   i.<US£   THE  LOOK-UP 
ROUTINE   THAT   THE  HOOP   STRESS   USES) 
IFU-2)802,603,803 
SET   THE   VELOCITIES   AT   THE  LEFT   AND   SAVE 
THE   OLD   ONES. 
UTEF=UIK-1) 
VTEF=\/IK-U 
U<K-U = SiGCa-U 
V(K-ll=GAMC(I-iJ 
VT=1« 
GO  TO   39 
*♦ FINALLY GETTING 
THE VELOCITIES AND 
CALCULATE THE RADIAL 
AIXiKI=AIX4K)*VISC 
CONTINUE 
IF UlXm-VVABOVJ 700,700,656 
SUM=SUM*AIX4Ki*AMX(K) 
AIXUJ=0« 
IF(i"2J652,805,805 
RE3?T THE<N*1J VELOCITIES IN CELL IK-l) 
U(K-i)^UTEF 
VCK-U = VTEF 
GO TO 652 
IF( J--3J653,654,654 
SIGCm=U(K) 
GAMCU)=V(K) 
U(KBB}=WSU 
V(KBBi=MSV 
GO TO 653 

/////////////////////////////////////////////////////////// 
NOTE« HERE WE CHECK ON THE 
POSSIBLE OVERSHOOT FROM THE HOOP STRESS 
WSA=X1*DT 
WS=UIK)+WSA 
lFIU«KU66i,658,657 
1F{WS)660,658,658 
UiKJ^WS 
GO  TO   659 
0X1=2.*PIÜY/AMX(K)*DXIU*Oy(JNi 
DXl=-OXi*ÜDVK 
Xi=Xi-DXl 
DXl-OXl*ABSlU{Ki/WSAI 

PH3  2995 
PH3   3000 

PH3 3010 
PH3 3015 
PH3 3020 
PH3   3025 
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X1=XI+DJ<1 
U(KJ=U(Ki"»-Xl»OT 
Gü   TO   659 

661   lF(USi658t656,660 
659   V(K)=ViKJ«-J(2*0T 

IF UBSi UfKU-VVBLOi 701. 7011 702 
701 SUM=SÜM*U<KJ*»2/2.*AMX{K) 

U(K)=0. 
702 IFlABSi V(KJ)-VVBLO)703,703t704 
703 SUM=SÜM*V(K)**2/2.*AMX<K) 

ViK)=0. 
70s CONTINUE 

C     V1SC IS DJ/OT 
C     **» RESET THE INDICES NOWt K AND N 
^     WERE TEMPORARY SET FOR CELL BELOW 

873 K=KK 
N=KKK 

C 
C     WE NOW HAVE COMPLETED THE INTEGRATION OF 
C     THE MOMENTUM AND ENERGY EQUATIONS 
C     FOR CELL K-IMAX 
C 
Q *********** 

C      WE CAN NOT PLACE ALL THE STRESSES OF CELL K 
C     INTO THE Hi 
C     ARRAY, SINCE THE OVERSHOOT(ON THE TOPJ  OF CELL 
C     K-1MAX+1 HAS NOT BEEN CHECKED 
C 
C     SET THE STRESSES THAT WE STORED 
C     TEMPORARY IN PK(I) THRU PK(9i,BACK INTO 
C     THE STORAGE THAT THE SUBROUTINES 
C     RECOGNIZE. 

900 SNB=PKIU 
STB=PKI2} 
STR=PK(3) 
SNR=PKC4J 
SNI=PK<5) 
STT=PKI6) 
SNL=PK(7) 
STL=PK{8J 
DDVK=PK(9) 
X1=PKI10) 
X2=PK{11) 

901 ASN6(I)=ASN(Ii 
AST8(U=AST{n 
RSN{I)=SNL 
RST(I)=STL 
ASNin = SNT 
AST(I)=STT 

PH5 3090 
PH3 3095 
PH3 3100 

PH3 3110 
PH3 3115 
PH3 3120 
PH3 3125 
PH3 3130 
PH3 3135 
PH3 314d 
PH3 3145 
PH3 3150 
PH3 315S 
PH3 3160 
PH3 3165 
PH3 3170 
PH3 3175 
PH3 3180 
PH3 3185 
PH3 3190 
PH3 3195 
PH3 3200 
PH3 3205 
PH3 3210 
PH3 3215 
PH3 3220 
PH3 3225 
PH3 3230 
PH3 3235 
PH3 3240 
PH3 3245 
PH3 3250 
PH3 3255 
PH3 3260 
PH3 3265 
PH3 3270 
PH3 3275 
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.C     UPDATE CELL K IF   STRESS WAS CHANGED 
If(UPZ)85Ü,b51tÖ51 

650 CALL DELIAV 
851 IFCüPKie60,861,861 
860 CALL DELIAU 
861 CONTINUE 

C *********** 

C NOW SET THE UDOT AND VOOT AND 
c HOOP STRESS INTO THE PROPER ARRAY. 

902 0UD0Tm = Xl 
OVD0nU=X2 
SIG33m = 00VK 

904 CONTINUE 
IFiI-2)999f998,998 

C HEREt SET THE STRESS ON THE RIGHT INTO THE (II ARRAY 
998 RSNUi = SNL 

RSTm = STL 
999 CONTINUE 

C SET THE STRESS AT THE LEFT OF CELL (K*l) TO THE 
C RIGHT OF CELL IKJ 

903 SNL=SNR 
STL=STR 

f 

IFU-IMAX) 3360,599,599 
599 RSN(I*U = SNR 

RSKI + l) = STR 

C 
C 
C 
3360 

GO TO 3360 

***** tND OF 00 LOOP ON (I) ***♦»* 

K=K'H 
N=N+1 

3361 CONTINUE 
C CHECK HERE AT THE RIGHT OF ACTIVE 
C GRID» 

KLAST=K-1 
IF 4ABSCUIKLASTmABS(V(KLASTmAlXULASn) 952,953,952 

952 NRC=1 
953 CONTINUE 

C ***** £ND OF DO LOOP IN THE (Ji DIRECTION ************ 
3302 CONTINUE 

C HERE WE WILL UPDATE THE LAST 
c ROW« 
c SAVE THE OLD VELOCITIES 
c HERE WE NEED THE OLD VELOCITIES 

K=U2-l)*IMAX+2 
JN=I2 
N=K-IMAX 

906 DO 980 1=1,11 
IF(I~1)908,907,908 

907 KL=K 

PH3 328. 
PH3 328b 
PH3 329C 
PH3 329b 
PH3 3301 
PH3 330L 
PH3 333t 
PH3 333b 
PH3 334t 
PH3 3345 
PH3 335C 
PH3 335b 
PH3 331C 
PH3 331b 
PH3 332C 
PH3 332b 

PH3 37lb 
PH3 372C 
PH3 372b 
PH3 373C 
PH3 373b 
PH3 374C 

PH3 374i 
PH3 375C 
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GO  TO 909 
908 KL=K-1 
909 IFiI2-JMAX)911,910,911 
910 KA=K 

GO   TO   912 
911 KA=K+IHAX 
912 ifCl-IMAXi9l4,913,914 
913 KR=K 

60   TO  915 
914 KR=K+1 

c NOW   ME   HAVE   THE   INDICES   FOR 
c SUBROUTINE   ECALC. 

915 IFU-1)917,916,917 
916 FLEfTU J=UiK) 

YAMCCn=V(KJ 
MSU=U(NJ 
WSV=V<NJ» 

c VELOCITlEStPHASE   1)   FROM  CELLS   BELOW 
c ARE   AVAILABLE   FROM   THE   MAIN   LOOP 
c AND  AKE   STORED   IN   THE   ARRAYStSIGC   AND  GAMC 

U(NJ = S1GC(U 
ViN)=GAMC(Ii 
GO   TO  919 

) 

917 WSU=U(N} 
WSV=V<N) 
UTEF=UCK-li 
VTEf=V{K-iJ 

c SAVE   THE   UPDATED   VELOCITIES 
918 UlNi-SiGCUl 

VIN)*GAMC<I) 
U(K-1)=FLEFT(I-1J 
V<K-iJ=YAMC<I-l) 

919 11=1 
KB^N 

c SET   THE   STRESSES   FROM  THE   ARRAYS 
c INTO   THE   SINGLE   STORAGE. 

SNT=ASNm 
STT=AST(n 
STR=RST(I+li 
SNR=RSN(I*1J 
SNfl«ASNBCI) 
STB=ASTBm 
3... =RSN<n 
STL=RST(n 
Xl=DUDOTUi 
X2=0VD0T(li 
DDVK=SIG33(n 
IF(JN-JMAX)930,940,930 

c If   WE   ARE   AT   THE   TOP   BOUNDARY   OF 
c THE   GRID,SET   THE   STRESS   GRADIENTS 
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BOUNDARY 
SEI THE STRSS GRADIENTS 

C     TG ZERO 
940 SNr^SNB 

STT=STB 
930   IFn"IMAXmi,94i,943 

C If   WE   ARE   AT   THE  RIGHT 
C OF   THE   GRID, 
C TO  ZERO 

941 STR-STL 
SNR=SM- 

943 CALL DtLTAU 
CALL OELTAV 

920 CALL ECALC 
921 AIX(K)=AlX(Ki+VISC 
991 CONTINUE 
994 CONTINUE 

IF(A1XIK)-VVABOV)705,705,922 
705 SüM=SUM+AIX(K)*AMXI[K) 

AIXCK)»0. 
922 fLEfT(Ii=U{K) 

YAMC(n=VU) 
923 U(K)=U(KJ#0T*Xl 

VlK)=V4Ki*DT*X2 
IF1ABS(U(K))-VVBL0)706,706.707 

706 SUM=SUM*U(K)**2/2.*AMX{KJ 
U(K)=0. 

707 IFIABSIV(K}J-VVBLÜ)708,708,709 
708 SUM=SUM*V<KM*2/2-*AMXIK) 

V(K)=0. 
709 CONTINUE 
951 IF(I-l) 925,926,925 
926 U(N*=WSU 

V(N)=ktSV 
GO TO 924 

C     RESET THE NEW VELOCITIES FOR THE LEFT 
C     AND BOTTOM CELLS. 

923 U(N} = WSU 
V(N) = WSV 
U(K-U = UTEF 
VU-1J = VTEF 
GO TO 924 

924 K=K*1 
N=N4-l 

980 CONTINUE 
C     CHECK HERE AT THE TOP OF ACTIVE 
C     MESH» 

K=K—1 
IF (ABS1U1KJJ*ABS( VI KU + AIXIKI) 950.954,950 

950 NRT=1 
954 CONTINUE 

C     NOW INCREASE ACTIVE GRID COUNTERS IF 
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: NEEDED. 
II* U^NRC 
12= I2*N«T 
IF(il-IMAX)6l00,6100,6200 

6200 11= IMAX 
6100 IF(I2-JNAX)62Gi.6201,6202 
6202 I2=JMAX 
6201 CONTINUE 

GO TO 7777 
9908 NK=39 

GO TO 9999 
9907 NK=42 

GO TO 9999 
9903 NK=44 

GO TO 9999 
9901 NK=3306 

GO TO 9999 
9902 NK=3310 

GO TO 9999 
9904 NK=3320 

GO TO 9999 
9900 NK=3305 

GO TO 9999 
9999 Na=123 

CALL DUMP 
7777 SUMX=0. 

DO 9001 1=1,11 
K=I*1 
DO 9002 J=1,I2 
P(K)=0. 
IF UIXtK)) 710,9002,9002 

710 SÜHX=SUMX+AIX(K)*AMX(K) 
A1X(K)=0. 

<30C2 K = K + IMAX 
90C1 CONTINUE 

£TH=ETH-SUM-SUMX 
9000 CONTINUE 

VT=VSAVE 
DT=DTI 

7778 RETURN 
END 

PH3 3765 
PH3 3770 
PH3 3775 
PH3 3780 
PH3 3785 
PH3 3790 
PH3 3795 
PH3 3800 
PH3 3805 
PH3 3810 
PH3 3815 
PH3 3820 
PH3 3825 
PH3 3830 
PH3 3835 
PH3 3840 
PH3 3845 

PH3 3855 
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1 
2 

3 
4 

•WBFTC GRADK   LIST »OECK.REF 
SUBROUTINE GRAOR 

C     CALCULATES THE VELOCITY GRADIENTS ON 
C     THE RIGHT SIDE OF THE CELL 
C     GRACR REUUIRES THE FOLLOWING INDICES. 
C     ItJ,KtKR,KA,KAR,KB,KBR. 
C     Sl=OU/DR*** 

Sls(UUR)-U<KJ)/DXUU 
IF(ABSISU-Z(107)il,l,2 
Si^O. 
CONTINUE 
S2=DV/DR*** 
S2=(VURI-V(KJI/DX(II) 
IF(ABS(S2J-2(107))3,3,4 
S2=0o 
CONTINUE 
WS»2-*0y(JN) 
S3=DU/DZ*** 
S3=nU(KA)+UIKAR))/2.-{U(K8J<-Ü(KBRJi/2.J/WS 
IF(ABS(S3i-Z{107)15,3,6 
S3=0C 
CONTINUE 
S4=DV/Di»** 
S4=nv<KA)+V(KAR))/2.*VV-(V(KB)*V(KBR)J/2.*lMiU)/«S 
IFIABS<S4)-2I107))7,7,8 
S4=0- 
CONTINUE 
S5=U/R*** 
iF(GAM)9,12,9 
S5=(UIKR)+U(KJ)/(2.*XUI)) 
IF(ABS(S5)-Z(107))9,9,I0 
S5=0- 
CONTINUE 
RETURN 
END 

5 
6 

7 
8 

12 

10 

$IBFTC GRADZ   LIST,DECK,REF 
SUBROUTINE GRADZ 

C     CALCULATES THE VELOCITY 
C     TOP OF THE CELL 
C   se=üu/oz*** 

S6=(UiKA)-U(K))/DY(JNl 
IFiABS(S6i-ZI107))l,l,2 

1 S6=ü0 

GRADIENTS AT THE 

^-- -^- 
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2 CONTINUE 
S7=DV/DZ»** 
S7MVtKA)-vm)/ÜY(JN) 
IFUBSIS7)-ZaC7))3,3,4 

3 S7*0. 
4 CONTINUE 
KS«2-*0X(HJ 
S8=OUyOR*** 
S8=((UiKARJ>U<KR))/2.*VV-iU(KALI+UiKL)J/2.*UUUJ/WS 
!FCA8SIS8)-2(107)i5,5,6 

5 S8=0. 
6 CONTINUE 

S9-0V/0R ************ 
S9=((V(KARJ*ViKR))/2.-(V(KAU*V(KLn/2.}/US 
lFIABS<S9J-2(107ii7,7,8 

7 S9=0. 
8 CONTINUE 

S10=U/R*** 
1F(GAH)9,12»9 

12 S10=(U(KAJ«-U{KJ)/(Xiin«-X(II-U) 
IF(ABS<S10)-Z(107))9,9f10 

9 S10=0. 
10 CONTINUE 

RETURN 
END 



Ill 

(IBFTC STRESR  LISf»DECKtREF 
SUBROUTINE STRESR 

C     THIS ROUTINE CALCULATES THE NORMAL 
C.     AND SHEAR STRESS AT THE RIGHT 
C     HAND BOUNDARY OF THE CELL 
C     CALCULATE SNR<SIGMA 11 AT THE RIGHT) 
C     NOTEi ME CAN HAVE VISCOSITY OR STRENGTH OR BOTH 
C 

N£WT=Ü 
IF(0KEU»1.91 

91 IF(D0XNi93,93,l 
93 NEWT-1 

B=0. 
GO TO 100 

1 MS=.66666*(Sl*Sl*S4*S4+S5*S5)+.5* 
1(S3*S2)**2 

C     THAT MAS THE STRECS D£ViATOR= 
C     EPSILON DOT 1AB) » EPSILON DOT (AB) 
C     K IS STORED IN OOXN 

MSA=WS*OX(li)*DXUl) 
IFI SORT (USAW( 112) *0XN)3t 3*4 

3 B=0. 
GO TO 100 

4 CONTINUE 
MSA=BIG 

C     NOTE« BIG IS CALCULATED IN PH3 
IFIABS1S1)-MSA)10«10,11 

11 BUGR=ODXN 
GO TO 12 

10 ÖUGR=ÜDXN*ABSiSl)/WSA 
12 BsSQ£Ti2.*BUGR*BUGR/WS) 

100 £D0T11=S1 
C    MOTE, S1=DU/DR 
C     S1=0U/DR, S4=0V/0Z, S5=U/R 

ED0TAA=S1*S4*S5 
EP0ll=E00Tll-£DOTAA/3. 

C     NOW CALCULATE THE NORMAL STRESS 
SNR=(B+0K£)*EP01l 

C     NOW THE SHEAR STRESS 
C     DELTA 12 IS ZERO, THUS 
C     £PD12=ED0T12 

ED0T12=IS3+S2)/2. 
C     S3=0U/DZ, S2=DV/DR 

IF(N£UT)95,95,96 
96 B=0. 

GO TO 97 
95 IF(ABS(S4)-MSA)i3,13,14 
14 BUGZ=DDXN 

GO TO 15 
13 BUGZ=DDXN*ABSIS4)/WSA 
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15 ß=SQftI(2.*BüGZ*BUGZ/WS) 
97 STR=(B*DKE)*£D0T12 

RETURN 
END 

SIBFTC STRESZ  LIST,0£CK,REF 
SUBROUriNE STRESZ 

C     THIS ROUTINE CALCULATES VHE NORMAL AND SHEAR 
C     STRESS AT THE TOP OF THE CELL. 
C     CALCULATE SNKSIGWA 22 AT THE TOP) 
C 
C     NOTEt WE CAN HAVE VISCOSITY OR STRENGTH OR BOTH 

NEWT=0 
IF(0KEn,lf9I 

91 iF(0DXN)93,93,l 
93 NEWT=1 

B=0. 
GO TO 100 

1 WS=«66666*CS8*S8*S7*S7*SlO*S10J+.5* 
i(S6+S9)**2 
WSA=WS*DY(JNJ*DY(JNJ 
IF(SQRT(MSAi-ZUi2)*0XN)3,3,4 

3 B=0. 
GO TO 100 

4 CONTINUE 
C      NOTE ,S7=DV/0Z 

MSA=BIG 
IfIABSIS7i-i«SA)6,6,7 

7 6UGR=0DXN 
GO TO 8 

6 BUGR=OOXN*ABS1S7)/WSA 
8 CONTINUE 
B=SQRT{2.*BUG£*6UGRywS) 

C     NOW SIGMA 22 = B*EP022 
100 EPD22=S7-(S8+S7*Sl0i/3, 

SNT=JB+0KEJ*£P022 
EPD21=<S6+S9)y2. 

C    NOTE, S8=0V/DR 
iFIN£WTJ95,95f96 

96 B^O. 
GO TO 97 

93 IFlABS{S8i-WSAJ10,10,ll 
11 BUGZ=DDXN 
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GC TQ 12 
10 BUGZ=ODXN*ABS(S8)/WSA 
IZ   B=SURI(P,-.»BUG2*BUGZ/kS) 
97 Sri={8+0K£)«EP021 

RETURN 
END 
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SiSFTC HOOP    USr.DECK.REF 
SUBROUTINE HOOP 

C     HERE WE WILL CALCULATE THE HOOP 
C     STRESS FÜR   CELL K. 
r     K IS IN (DDXNJ 
C     ETA ZcRO(VlSCOSiTYJlS IN DKE 
C     THE HOOP STRESS IS STORED IN JTOVK 
C     GAM IS A FLAG FOR THE TYPE OF 
C     COORDINATE SYSTEM. 

IF(GAM)101,102,101 
lOi ODVK=0- 

GO TO 103 
102 ws=xun*xui-ij 

ED0T33=UiKJ/kS*2. 
If (OOXNU,1,2 

C WE   ASSUME   Wf   HAVE   A   VISCOUS   MATERIAL. 
1 B=OKE 

GO TO 100 
C     CALCULATE BtWE HAVE A RIGID PLASTIC MATERIAL 

2 WSR=DXUU 
WSZ=OYiJNJ 
WSA=({UiKÄJ*E-UIKLJ*F0)/(2.*WSRiJ**2 
IFIABS4WSAJ-Z4107)J1C,10,11 

10 WSA=0. 
11 CONTINUE 

WSB=<{V(KAi*UUU-VV«ViKB)J/(2Ä*WSZIi**2 
IF(AßS(WSBi-Za07M12,12,13 

12 WSB-O. 
13 CONTINUE 

WSC=<2.*UIK)/WS)**2 
WSD=(U<:U)-JiKBi)/(2.*WSZ) 
'•SD=( (V4KRi-V<KL)J/(2.*WSR)*WS0)**2 
IFIA8SIWSD)-Za07) 114,14,15 

14 WSD=0. 
10 CONTINUE 

B=.66666*{WSA*WSB*W£CJ*.5*WSD 
WS^=,tOX(in+DY{JN)i/2* 
WSA-B*WSA*WSA 
IF4SQRTlWSA)-Z(112i*DXNJ3,3,4 

3 B=0. 
GO TO 100 

4 CONTINUE 
B=SQRT(2.*DCXN*0DXN/Bi 

C     NOW SiGMA 33^B*£D0T OF 33 
100 DOVK=B*EDOT33 
103 RETURN 

END 
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SIBFTC DELTAU  LI ST ,DECK,REF 
SUBROUTINE CELTAU 

C     THIS SUBROUTINE COMPUTES THE ACCELERATION 
C     Of THE CELL DUE TO THE STRESSES 
C     IN THE RADIAL DIRECTION. 
C     ACTING ON THIS CELL 15 Of THEM). 
C     STORE THE RADIAL COMPONENT OF THE 
C     ACCEIERATION IN XI. 

WS=TAU(IJ?/PIDY 
1F<GAMU,2,1 

1   WSD-1« 
WSE=1. 
GO   TO   3 

2 wso=xni3 
WSE=XUI-i) 

3 WSA=DY(JN)*(SNR*WSD-SNL*LSE) 
IF«GAM}6,7,6 

6 WSF=lc 
GO   TO   4 

7 WSF=2- 
4 WSB=WS/WSF*tSTT-STB) 

WSC=DXUn*Ly( JN)*DDVK 
X1=PI0Y/AMXIK)*WSF*{WSA-. WSB-WSCI 
RETURN 
END 

SIBFTC DELTAV  LI ST ,DECK,REF 
SUBROUTINE DELTAV 

C AXIAL COMPONENT 
C THIS SUBROUTINE 
C THE CELL DUE TO 
C ON THIS CELL (4 
C     / .IAL COMPONENT 

IF(GAM)I>2,i 
1 WSB^l. 

WSD=i. 
kSF=l. 
GO TO 3 

2 WSB=2« 
WSD=xnii 
WSF=X(II-1) 

3 WS=(SNT-SNB)/Wr 
WSA=DY<JN«*(STR*WSD-STL*WSF) 
X2=PIDY/AMXIKJ«WSÖ*tWS4-WSAJ 

COMPUTES THE ACCELERATION 
THE STRESSES ACTING 
OF THEM). STORE THE 
IN X2. 

OF 

*TAU(II)/PIDY 
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RETURN 
END 

tlBFTC ECALC   tISr.DECK.REF 
SUBROUTINE ECALC 

C     THIS ROUTINE WILL CALCULATE THE CHANGE 
C     IN SPECIFIC INTERNAL ENERGY DUE TO THE 
C     WORK OONE BY THESE STRESSES. 
C     STORE IT IN (VISCJ. 

WS0=TAUIIil*UU«KJ+iUKA)J/2.*STT* 
1(V(K)*V(KAU/2.*SNT) 
WSE=TAU(II>*HUIKJ*U(Kfl))/2.*STB* 
iiV(K)^V(KBi)/2.«SNB) 
IF(GAI1Ut2tl 

i  WSF=1. 
USG~I. 
WSH-1, 
GO  TO  3 

2 WSF=2. 
WSG^Xdi 
WSH=X(II-l) 

3 WS=WSF*PiDy*DYUNJ 
WSA=WS*«SG*UU(KR)#-UiKII/2.*SNR* 

1(V(KR)*V(K))/2.*STR) 
WSB=WS*WSH*l(U<K)*UIKLI)/2-*SNL* 

4<VIK)*V(KLJJ/2.*STL) 
WSA=<WSA-WSB*WSO-WS£>/AWX(Ki*OT 
WSE=X1*0T 
*SO«X2*DT 
WSB=WSE*:ü(K)*WSE/2,l*WSü«IV(Ki*«SO/2.J 
VISC«WSA-WSB 
RETURN 
END 
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